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CHAPTER I, INTRODUCTION 
The productivity of the United States agricultural sector grew 
so rapidly over the past four decades that surplus production was a 
major national problem. Federal programmes retired over 50 million 
acres annually in the period 1962-73 to reduce this surplus produc­
tion. The large exports of 1972-73 created an unusually high demand 
and caused an upsurge in agricultural commodity prices and farm 
income. But the return to normal export levels may cause the 
problem of large food supplies, low farm prices and low incomes to 
return. The land retirement policies of the federal government 
resulted in withholding land from farm production. These policies, 
coupled with the price support programs, resulted in intensive use 
of the more productive land kept in production. 
Owing to technical and economic development, productivity of 
land also increased through the use of chemical fertilizers, insecti­
cides, pesticides and other capital inputs. Use of these chemicals 
and the resulting increases in the productivity has had several 
environmental impacts. Chemical fertilizers and pesticides lessen 
the amount of fertility and pest control that must otherwise be 
obtained through rotational systems and forages and mechanical 
practices. Owing to the use of chemical fertilizers and pesticides, 
row crops can be grown more intensely. This intensive cultivation 
of row crops encourages greater water and sediment losses from the 
cultivated land. The residual chemicals that are not used by the 
crops flow into the streams resulting in chemical pollution. 
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Economic Development and Agriculture 
During the past decades, agricultural sector became more capital 
intensive. The use of inputs like mechanical equipment, fertilizers, 
pesticides and herbicides increased the productive capacity of 
agricultural sector. Most of the mechanical equipment like power 
units, feed machines, livestock handling facilities require large 
amounts of investment and high fixed costs. To make a reasonable 
profit margin, the agricultural sector thus became more and more 
specialized and commercialized. This specialization has encouraged 
row crops and increased sedimentation losses as farmers have used 
land continuously for row crops and have grown a smaller acreage of 
forages. 
Technological development in nonfarm sectors also altered the 
relative prices of agricultural inputs. Figure 1 shows the changes 
in the prices of farm inputs over the last two decades, and Figure 
2 suggests that the use of these resources has followed generally 
their price trends. The increase in the use of capital inputs 
resulted in a higher yield rate and the use of feed additives and 
more satisfactorily balanced livestock rations reduced the total 
quantity of feed required per unit of livestock production. Improved 
breeds of livestock increased the trend towards specialized livestock 
breeds which are more efficient in producing a specific output. 
This increased productivity is reflected in the fact that total food 
production increased over 60 percent during the last four decades 
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Figure 1. Prices of selected farm inputs. 
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Figure 2. Quantities of selected farm inputs. 
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while the government withheld over 50 million acres from production 
(Figure 3). 
Increased use of mechanical power replaced livestock as a source 
of energy for draught purposes. In turn, acreage under grasses for 
feed was reduced and allowed a concentration of production of grain 
crops. As the chemical fertilizers and pesticides from the non-
agricultural sector became cheaper, the production of legumes for 
their nitrogen value was reduced. The low prices of chemical ferti­
lizers also reduced the use of livestock wastes as a source of ferti­
lizer. Consequently accumulation of these livestock wastes and their 
disposal became a major environmental concern. 
Technological and economic development of agriculture also had 
some beneficial effects on environment. Use of capital inputs in 
agriculture has resulted in increased output with a decline in total 
cropped land. Over the past two decades, the land input has remained 
relatively constant with nearly 40 percent increase in output. 
Although more intensive farming practices lead to higher sediment 
yields and chemicals residues, fewer acres are being farmed and bet­
ter use of less erosive lands has dampened the adverse effect on 
environment. 
Agriculture and National Policies 
In the past, major agricultural policies were aimed at reducing 
the supply of agricultural commodities through land retirement. 
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Farmers were paid in cash to take the land out of production. This 
policy concentrated production in the remaining land. The land re­
tirement and price support policies resulted in higher prices of 
agricultural commodities. Increased export demand brought about by 
the food aid programs also encouraged farmers to produce more inten­
sively. High prices and expanded exports increased the use of chemi­
cal fertilizers and other capital inputs causing more harmful effects 
' on the environment. 
While the above policies were geared towards decreasing the 
supply, public investments are being made to improve irrigation and 
reclamation. These investments increase the production potential of 
the agricultural sector. Howe and Easter (28, p. 146) estimated 
that the price support and land retirement policies are costing about 
$200 million higher annually due to the increase in production poten­
tial by developing irrigation facilities. Similar situation exists 
with the funds allocated to agricultural research. Investing in the 
development of irrigation and agricultural research is desirable from 
a long run point of view. Most of the irrigation developments are 
byproducts of flood controls and power generating projects. The 
society's values may well desire the major products, electricity and 
relief from floods, such that they are willing to transfer the value 
of these services to agriculture to the extent required to return the 
agricultural market to a supported level of equilibrium. Developing 
irrigation and investing in agricultural research is a kind of insur­
ance against any technological gap that may arise due to increase in 
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domestic demand or export demand or both. At present, we need an 
alternate agricultural policy to the present one, which yields bet­
ter environmental quality without sacrificing the well being of the 
farming sector. 
An appropriate policy set could be a less intensive farming with 
restrictions on maximum allowable soil loss and restrained use of 
toxic inputs. The reduction in the agricultural output brought about . 
by such programs could be an equal déterminent in restraining food 
supply and boosting farm prices and incomes. This in turn, will 
eliminate the need for some of the acreage control programs and 
price support programs. The technology in sight for agriculture 
promises vast increases in food producing capacity, at the same time, 
bringing about alternative land use patterns and environmental effects. 
It needs to be augmented by a set of properly balanced and synchro­
nized policies. 
Agriculture and Environment 
Recently environmental quality has become a major concern of 
many Americans. Agriculture is one of the major industries causing 
considerable pollution. It does so especially by water pollution 
through sedimentation from agricultural lands and leaching of residual 
chemicals into the drainage channels and rivers. But, the agricul­
tural sector is well prepared to deal with society's concern, relative 
to other sectors, because agricultural history is engrained with a 
variety of environmental and resource conservation programs. 
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The first conservation programs in agriculture were initiated 
1 
as a result of rapid depletion of forests. As early as 1681, Wil­
liam Penn established an ordinance that for every five acres of 
forest land cleared, one acre of forest must be left untouched. In 
1891, Congress granted the President the authority to create forest 
reserves from the public domain. This law stopped the dispersion 
of public lands as outlined in the homestead act of 1862. During 
the term of Theodore Roosevelt (1901-09), the reclamation act of 
1902 was passed and the Forest Service was established. It returned 
over 200 million acres to the public domain. The National Conser­
vation Commission was established in 1908 whose task was to prepare 
an inventory of the United States' natural resources. In the fol­
lowing years, laws were enacted dealing with government purchase of 
private land (1911), mineral leasing (1920), water power (1920) and 
wild life conservation (1920 and 1937). 
In 1933, the Soil Erosion Service was organized in the 
Department of Interior. In 1935, the Soil Conservation Act established 
the Soil Conservation Service in the Department of Agriculture. In 
the following years, especially during the term of Franklin D. Roose­
velt, a number of well known programs were initiated: Civilian Con­
servation Corps (1933), Tennessee Valley Authority (1933), Taylor 
1 
The history of conservation programs is summarized from 
Gustafson, Guise, Hamilton and Ries (20) and Bennett (8). 
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Grazing Act (1934) and the National Resources Board (1934), which 
prepared a report on the inventory of the nation's resources. 
These programs centered around the protection of the productivity 
of land. Today, however, the main concern is focussed towards the 
reduction of offsite damages from water runoff and sediment trans­
port. The Environmental Protection Agency estimates that almost one 
third of the nation's streams are polluted, violating the federal 
water quality criteria. On the Pacific Coast and in the Plains 
States, agriculture is the major cause of water pollution. In the 
South-east and North-east, industrial wastes are main sources of 
pollution where as in the Central States municipal wastes are the 
main cause. Further, according to the Environmental Protection 
Agency, agricultural pollution is characterized by slug loads or 
large amounts of wastes at irregular time intervals (13). Further, 
there has been increased concern over the use of pesticides and 
other chemicals in agriculture because of toxicity to humans and the 
adverse effects on the environment. At the same time, urban develop­
ment has exerted pressures on wet lands and open spaces as low lands, 
swamps etc. have been drained, dredged and filled for housing devel­
opments, roads, airports etc. 
In summary, agriculture does play an important role in 
environmental quality. Primary sources of pollution include sediment, 
livestock wastes and chemicals. But, agriculture does have a head 
start on contributing to an improved environment because of its past 
history, established programs and its high productivity and surplus 
capacity for producing food and fibre. 
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The federal government and numerous states have reacted to recent 
environmental concerns by developing legal recipes for regulating land 
and chemical use. These regulations have been of three types: 1) Land 
use planning laws, 2) establishment of pollution control boards and 
3) Conservancy laws. Land use planning has been, historically, a 
state concern. There are two bills in the Congress that would establish 
federal controls on land use. Numerous states including Vermont, 
Hawaii, Colorado, Maine, Massachusetts and New York have passed land 
use laws of various types. For details of the state and proposed federal 
laws, see Harl and Timmons (21). 
In 1971, the Illinois Pollution Control Board was formulated. 
The charge to this Board was to attempt to quantify the sources of 
the plant nutrients polluting the water in Illinois streams. In 
August 1971, the Board started hearings. In March 1972, after exam­
ining much evidence, the Board brought forth a decision concluding 
that there is no factual basis, at that time, to warrant imposing any 
controls on the application of plant nutrients (31). 
Such an expression of public feeling occurred in Iowa in 1971 
when the legislature established the conservancy districts within 
which soil loss limits were given for all land types (32). Through 
this law, the public has determined that the increased cost of the 
altered productive capacity of agriculture is more than offset by 
the implied increase in the environmental quality, both with regards 
to water quality as the sediment loads are reduced and esthetics as 
the development of new erosion scars is reduced. 
12 
Soil conservation districts have been in existence in Iowa for 
more than 25 years. The Conservancy District Act of the 64th Iowa 
General Assembly established six soil conservancy districts as shown 
in Figure 4. The Act states that since July 1, 1971, Iowa has a 
state policy "to preserve and protect the public interest in soil and 
water resources of this state for future generations." To carry out 
its purpose, the policy can encourage, promote, facilitate, and where 
such public interest requires, mandate the conservation and proper 
control and use of Iowa soil and water resources. Soil erosion is 
declared a nuisance if it results in or contributes to 1. damage by 
siltation to any internal improvement of a conservancy district or 
2. damage by siltation to property other than that of the owner or 
occupant of the land on which such erosion is occurring. The Law 
established maximum allowable soil loss limits on agricultural and 
horticultural lands at one to five tons per acre per year depending 
on the soil type. The limit on soil loss from nonagricultural lands 
and construction sites was set at five tons per acre per year. The 
law provides a cost sharing alternative for agricultural and horti­
cultural lands. If the owner(s) fail to initiate necessary conser­
vation work by the time specified, a court order is issued and unless 
the owner(s) complies with the court order, he may be found in con­
tempt of court and so punished. 
Such isolated legislation or controls on allowable soil loss 
and use of chemicals in any one particular state or region could cause 
undesirable effects on the well-being of people of that particular 
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Figure 4. Iowa conservancy districts. 
14 
state or region. The agricultural sector of such a state or region 
would be affected more adversely as a result of these environmental 
controls. These isolated measures, no doubt, improve the environmental 
quality, reducing the water pollution by cutting down on the sedimen­
tation from agricultural lands. These measures also control the use 
of harmful chemical inputs thereby reducing the quantity of toxic 
substances transported into the streams. But such measures make it 
less profitable to use the land and other inputs in that particular 
state or region as compared to the rest of the country. This, in 
turn, would diminish the value of land thereby decreasing the net 
worth of the farming sector, whereas the rest of the country stands 
to gain by such measures. Since the use of land and chemicals is 
restricted, production would decrease and with the free market con­
ditions prevailing in the country the income of the farming sector 
in that state or region would decrease. 
At the same time, the net incomes of the farming sector in the 
rest of the country would increase. Such environmental controls in 
a state like Iowa could affect other regions in the country. Iowa 
produces about 20% of the nation's corn output and exports. About 40% 
of the state's com production is exported. Environmental controls 
on the agricultural sector in Iowa would affect the crop production 
and subsequently, exports. Those regions which import these agri­
cultural commodities from Iowa would, undoubtedly, be affected. 
These regions would be forced to import from some other region to 
meet the demand requirements, probably, at a higher cost. The prices 
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in those regions would go up and the income of the farming sector would 
also go up. At the same time the consumers of that region would be 
forced to pay more owing to the increase in prices. These increases in 
the prices of agricultural commodities would increase the marginal value 
products of various inputs, especially land. The farmers in these regions 
would realize substantial increases in the value of their land and their 
net worth at the expense of Iowa farmers. 
Sedimentation 
It has been estimated that soil loss in the United States is about 
4 billion tons per year out of which three fourths is from agricultural 
and forest lands. Majority of this soil is lost through erosion caused 
by water. According to Stall (59) the highest sediment yields in 
America occur in the Midwest and the South. In the Midwest, majority 
of the land is farmed, accelerating the process of erosion. In the 
Great Plains, runoff is less because most of the land is covered by 
grasses. In the East, much of the land is covered by forests and grasses. 
In arid parts, the rainfall is low and correspondingly the runoff is also 
low (59, 60). Rainwater (50) has estimated that the highest sediment 
yields occur in the sand hills of Mississippi. Next highest sediment 
yields occur in the zones along Mississippi River in Illinois and Mis­
souri and along Missouri River in Iowa and Nebraska. According to one 
estimate erosion from clean tilled land under row crops will be 200 times 
greater than densely vegetated areas (3). 
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The problem of erosion is more complex owing to the fact that the 
sediment has chemical, physical and biological effects on the receiving 
waters. If all the erosion is completely controlled, stream underload 
would occur changing the physical and chemical balance in the receiving 
streams until a new equilibrium is reached. In short, streams have a 
natural carrying capacity and this must be taken into consideration in 
controlling the soil loss. 
Glymph (19) has summarized studies for 113 watersheds across the 
nation. In half of the watersheds studied, sheet erosion cause about 90% 
of the sediment. For all the watersheds studied, sediment from sheet 
erosion caused 11% to 100% of sedimentation. In his study of Crab. Orchard 
Lake in Illinois, Stall (59) estimated that 92% of the total sediment came 
from the upstream drainage basin. Again the major source of sedimentation 
in Upper Mississippi River Basin is sheet erosion (88). The major source 
of sedimentation in the humid regions of the country appears to be the 
sheet erosion (33). Generally, the humid parts of the country have the 
highest proportion of the land in row crops. 
Sediment damage and control 
Sedimentation results in loss of soil productivity, clogging of 
drainage channels affecting navigation, deposition on foliage reducing 
crop value, adverse effects on fish and aquatic life, decrease in rec­
reational values etc. Sedimentation causes turbidity and effects light 
penetration (88). In 1955, Bennett (8) estimated that suil erosion 
directly costs more than $500 million per year. He also estimated that 
costs to industries based on aquatic life at not less than $3 billion 
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per year and other costs at $500 million per year. The Weather Bureau 
estimated the annual flood damages at $100 million in the period 1925-44. 
The flooding and sedimentation damages are estimated to be around $250 
million per year by the Forest Service. Further estimates on these 
damages are available in (2). For the Upper Mississippi River Basin, the 
damage from sedimentation is estimated to be around $25 million per year. 
Upstream damage from floods is estimated to be at $29 million and damage 
from gully erosion is estimated at $14 million per year. 
A number of practices are available for erosion control, namely 
cropping and tillage practices, land treatment practices, and building 
structures to trap sediment, stabilize channels etc. The first group 
includes changing crop rotations and the time of cultivation using dif­
ferent tillage and residue managements. The second type includes strip 
cropping, terracing and contouring. The third group includes construc­
tion of gully control structures, better drainage facilities, grassed 
water ways etc. Although most sedimentation and deposition is considered 
as harmful, there are certain types of deposition which could be con­
sidered as beneficial. Some examples of such sedimentation are covering 
of swamps, deposition in salt marshes and overwashing that builds up 
soil (2). 
Water quality and use of chemicals 
As discussed earlier, the use of chemicals in crop production has 
been increasing because it is profitable to use these capital inputs. 
According to Smith (58) crop production would be about one-third less if 
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the use of chemicals were at 1948 level. Auer and Hea<ty (5) estimated 
that over the period 1939-61, fertilizers accounted for about 31% of the 
increase in com yield, over 43% of the increase in wheat yield and about 
24% of the increase in cotton yield. 
Headley (23) estimated that in 1966 farmers used about 353 million 
pounds of pesticides. The expenditure on pesticides was about $561 mil­
lion which was about 2% of the total production expenses. He also esti­
mated that between 1964-66 the use of pesticides and insecticides 
increased by about 37 percent. Fox et al. (18) estimated that restrict­
ing the farm use of phenoxy herbicides alone while maintaining the current 
level of production, would Increase the direct costs by about $290 mil­
lion. In addition, about 20 million more units of family labor would 
have to be used. As a result, the net farm income would go down by $107 
million for com, $51 million for wheat, $8 million for rice, $28 million 
for small grains, $11 million for sorghum, $36 million for range land and 
$16 million for other crops. To reduce the water pollution caused by 
residual chemicals, Carlson and Castle (10) suggested the use of non-
chemical controls such as microbials, resistant crops and biological 
controls. Metcalf (40) suggested the use of biodegradable chemicals 
which could be broken down into nontoxic conçounds by the soil microbes. 
Pesticides, insecticides and other chemical inputs are microchemical 
pollutants. For example, a pesticide applied at 1.12 kgs per hectare con­
taminates the top 30 centimeters (about one foot) of soil to 0.25 parts 
per million (ppm) (40). Detectable amounts of stable and persistent 
pesticides and their degradation products enter ground water and aquatic 
19 
bodies, sucli as lakes and rivers, through leaching and erosion. Residues 
of DDT, endrin and dieldrin in major river basins of the USA have been 
found to range from 5 to 150 ppt. Although these levels are well below 
the suggested water quality drinking standards, micropollutants at 
these levels can have grave biological significance. For example, DDT 
is present in the water of Lake Michigan at about 2 parts per trillion. 
But, the bottom mud contains about, on average, 0.014 ppm. Fish, such 
as, coho and lake trout contain 3-6 ppm and herring gull, at the top of 
the food chain, contains as much as 99 ppm. Some of the fish in the 
Lake have body residues in excess of Food and Drug Administration tol­
erance levels for agricultural products. The average rate of water 
retention in Lake Michigan is about 30.8 years and the Lake has a volume 
of 4871 skm. So that even if no more DDT were to enter the lake from 
the contaminated watersheds around it, the problem would not be cor­
rected for seveiral generations. 
The build-up of nitrates in the nation's water resources is becoming 
a major concern because of their possible role in eutrophication and 
methemoglobinemia or blue baby. Nitrates cause particular problems 
because of their mobility in the soil. Phosphorus, which is also an 
anion like nitrates, reacts with calcium, iron, magnesium and aluminum 
to form insoluble compounds. Hence, it becomes fixed in the soil, and 
unlike nitrates, it is highly immobile. 
Besides from chemical fertilizers, plant nutrients are available 
from a number of other sources. As shown by Aldrich (1) and documented 
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by Smith (58) and Stanford (61), plant nutrient levels and organic 
content of the nation's soils have been declining for the past 100 
years. Nitrogen for crops can be obtained from a number of sources 
like chemical fertilizers, legumes, mineralization, bam yard manure, 
plant residues and nitrates dissolved in rain drops. Nitrogen is 
removed from the soil by crops, erosion, leaching and denitrification. 
The actual importance of each of the above mentioned sources is dif­
ficult, if not impossible, to determine. Further, nitrates in streams, 
rivers and lakes are contributed by additional sources such as feed 
lots. 
General Focus of the Study 
This study attempts to answer questions relating to three types 
of pollutants from agriculture. The impacts on the farming sector 
through any legislation regulating the use of agricultural inputs are 
also analyzed. The analysis focuses only on soil loss and sedimenta­
tion and pollution of water by toxic chemicals through the use of 
nitrogen and pesticides. Soil erosion has many eroding agents and 
takes many forms like sheet, gulley, channel etc. Only soil erosion 
caused by water and rain drop agents is considered in this study. 
Further, the analysis is restricted to sheet and rill erosion from 
cultivated lands of the nation. 
Specific emphasis is placed on the use of nitrogen and pesticides. 
As noted earlier, the use of fertilizers and pesticides made important 
contribution to food and fibre production. This study looks at the 
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effects of possible control and regulation of the use of these chemical 
inputs on the production of food and fibr^. Provision is made for 
obtaining part of the required nitrogen from sources other than chemi­
cal fertilizers. 
Objectives of the study 
This study is made to measure the effects of any isolated 
legislation on the agricultural sector in Iowa aimed at controlling pol­
lution caused by soil erosion, sedimentation and the use of harmful 
chemical inputs. It determines the effects of any such legislation on 
the income of the farming sector, the production pattern, supply and 
prices of agricultural commodities and other economic factors such as 
the price of land and other resources in Iowa and the rest of the 
country. The impacts of increased export demands for agricultural 
products on the country and Iowa in light of any such legislation to 
regulate the use of land and chemicals are also determined in this 
study. 
Part of the study includes developing a model capable of carrying 
out such analysis. Such a model must take into account, all the major 
commodities, resources and their interrelationships in the agricultural 
sector. Land, water and other resources must be defined to exhibit 
the characteristics inherent in the interrelationships. In this study, 
these interrelationships center around the concepts of soil loss and 
productivity differences of alternative combinations of resources and 
different export levels. Also, alternate technologies are defined 
appropriately. 
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Assumptions for the analysis 
When evaluating a large impact alternatives within the limitations 
of a mathematical model, sufficient time horizon should be specified 
to allow for the implied adjustments to materialize. In this analysis, 
year 1985 was selected as the base. Alternatives defined in this model 
are designed to be consistent with projected and expected production 
alternatives available in the year 1985. A base model simulating the 
free market without any environmental restrictions is used to compare 
the effects of alternate policies on environmental protection. Tech­
nology is assumed to change in line with the historic trends allowing 
for changes in livestock feeds, yields and input use. International 
trade sector allows for increased export levels. A population level 
of 242 million persons in the continental United States is used. The 
per capita income level projected by the Bureau of Economic Analysis 
(78) is used in evaluating the domestic demand. There are three models 
analyzing the impacts of soil loss restrictions in Iowa and two more 
with restrictions on soil loss and use of chemical inputs. A set of 
four models is used to measure the impacts of higher levels of exports 
along with restrictions on allowable soil loss and use of nitrogenous 
fertilizers and pesticides. A summary of the models evaluated is given 
in Table 1. 
The solutions analyzed, represent a finite set of alternatives 
which could be considered. These different models would allow for the 
evaluation of different policy measures restraining the use of land and 
chemical inputs and their effects on the state of Iowa and the rest of the 
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Table 1. Levels of soil loss, nitrogen, pesticides and exports for 
alternate models 
Soil loss Nitrogen Pesticides Exports 
Model per acre lbs./acre 
A 
B1 
B2 
5 tons 
2.5 tons 
normal 
normal 
normal 
D 
E 
5 tons 
5 tons 
100 
100 min 
normal 
normal 
C 
F 
5 tons 
5 tons 100 mxn 
high 
high 
G1 
G2 5 tons 100 min 
medium 
medium 
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country. It is hoped that these models will provide an insight into 
the changes in cropping patterns, farm incomes, value of resources, 
and their use and the cost to the consumer. 
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CHAPTER II. DELINEATION OF THE MODEL 
The quantitative analysis has been made by means of a mathematical 
programming model. This model is capable of allowing enterprise and 
regional adjustments, consistent with the proposed environmental re­
strictions. Interregional shifts in production patterns occur in 
accordance with the regional comparative advantages, as indicated in 
the past, by the broiler industry concentrating in the East and South­
east areas the cattle feeding industry moving South and West from the 
Com belt and soybeans and sorghum grain being introduced in areas 
where technology in the form of agronomic practices, improved varieties 
and/or economic forces have altered the production possibilities (82, 
83). 
The basis for any interregional model is the definition of a set 
or a number of sets of regions consistent with the resources, produc­
tion possibilities and the form of interregional interaction desired. 
The model developed for the present analysis uses four different 
regional delineations and incorporates restraints on resources with 
the possibility of resource transfers, to some extent, from one region 
to another. The major resource restraints imposed in this model are 
availability of crop land by quality class, water and nitrogen. It 
also incorporates restraints on regional demand for crop and livestock 
commodities. 
The activities are defined to simulate crop production, livestock 
production, fertilizer and water purchase, demand generation through 
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population, industry and international trade activities, and to provide 
transfer of some resources and commodités between regions to meet the 
demand. The model is solved such that the overall cost of the agricul­
tural bill is minimized, satisfying the resource and demand restrictions. 
Four separate sets of regions are defined in this model. The first 
represents the areas within which the producing activities are defined; 
the second set determines the water availability and transfer possibili­
ties; the third set of regions incorporates the areas within which the 
markets are defined; and the fourth set represents the regions into 
which some of the results are aggregated for reporting. 
Producing areas 
There are 102 producing areas defined in this model. The first 
90 areas are based on the county approximation of the 206 sub-areas 
(Figure 5) defined by the Water Resource Council (87), modified to be 
consistent with the water supply regions and the market regions as 
shown in Figure 6. Twelve more producing areas are defined in Iowa, 
consistent with the soil conservancy districts (32). These 12 pro­
ducing areas are an aggregation of contiguous counties within a soil 
conservancy district (Figure 7). The producing areas represent the 
regions within which the crop production activities along with the 
restraints on land by quality class are defined. 
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Water supply regions 
Each water supply region is defined such that each approximately 
represents a physical region within which a water supply can be said to 
exist. A total of 35 water supply regions are defined (Figure 8). These 
regions are aggregations of contiguous producing areas. The subdivision 
of the 18 major river basins of the Water Resource Council form the 
basis of these regions (87). The activities creating the demand for 
and supply of water along with buying and transportation activities are 
defined within these regions. 
Consuming regions 
A total of 29 consuming regions is defined in the model (Figure 9). 
Based on the central place theory, these regions are delineated around 
the major metropolitan areas of the United States. Each market region 
is an aggregation of contiguous producing areas. It is within these 
regions where the market balance restraints are defined for the com­
modités analyzed. Livestock production activities and nitrogen balance 
equations are also defined in these regions. 
Activities and Resource Restraint Coefficients 
Activities, in linear programming context, represent the possibility 
of production, transformation, transportation and consumption of agri­
cultural resources and intermediate and final products. In simple terms, 
activities create the supply and demand possibilities which are balanced 
to achieve equilibrium. The crop products included in this model are 
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barley, com, cotton, legume hay, non legume hay, oats, sorgjium, soybeans, 
sugar beets, wheat and silage. The livestock products included in the 
model are feeders, fed beef, milk products, nonfed beef and pork. All 
commodities, except cotton and sugar beets are balanced at the consuming 
region level. Cotton and sugar beets are balanced at the national level. 
The population and industry activities 
These activities generate the demand for agricultural products from 
the consumer and manufacturing sectors. One activity is defined for each 
of the producing areas such that the lower limit of that activity is set 
at the level consistent with the Bureau of Economic Analysis' population 
projections for that area for the year 1985 (78). These activities indi­
cate the quantity of the commodities demanded by the consumer and 
industry sector in the respective producing areas. Per capita commodity 
demands are developed at the national level. Table 2. These activities 
are then grouped appropriately to develop the demand in the consuming 
regions. 
Water requirements for municipal, industrial and recreational uses 
are developed by the population-industry activities at the producing 
area level. The per capita water use coefficients are developed by 
water supply region and are equally assigned to all producing areas within 
a water supply region. Combination of the appropriate subset of the 
population-industry activities yields the water requirements in each water 
supply region. An additional set of activities, closely related to the 
population-industry activities, generates a demand for water in each of 
Table 2. Projected per capita commodity demand in 1985 
Consumption at Consumption at 
Commodlty Unit low prices high prices 
Corn bushels 1.2010 1.2010 
Sorghum bushels .0486 .0486 
Barley bushels .5796 .5796 
Oats bushels .2187 .218,7 
Wheat bushels 2.5838 2.5838 
Oilmeal cwt -.0873* -.0873* 
Cotton fibers pounds 16.0 16.0 
Sugar beets tons .1089 .1089 
Fed beef lbs. of carcass weight 99.0 74.7 
Nonfed beef lbs. of carcass weight 44.6 33.7 
Pork lbs. of carcass weight 66.7 65.43 
Dairy products cwt. of milk equivalent 4.83 4.83 
Broilers^ lbs. of ready to cook meat 41.1 40.56 
Turkeys^ ^ lbs. of ready to cook meat 8.6 7.019 
Lamb and mutton lbs. of carcass weight 3.1 1.19 
Eggsb units 250.0 250.0 
^Negative oilmeal consumption reflects an adjustment for the high protein grain byproducts 
provided from the milling of the percaplta equivalent of the other grains. 
^Exogenous activities. 
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the 35 water supply regions to reflect the increased demand for water for 
navigation, wetlands and other onsite water consuming activities. The 
onsite demand for water reflects a use over and above the level in 1969, 
as the 1969 level use is not part of the calculated available supply. 
The crop production sector 
The crop production activities simulate the possibility of producing 
different crops in the model. These activities are defined as different 
crop rotations in each producing area for each land class. These also 
represent different, tillage and conservation practices both for irri­
gated and dry land. These activities produce barley, com, cotton, 
legume hay, or pasture in rotation, and oats, sorghum, sorghum silage, 
wheat, soybean and sugar beets in rotational combinations. In each pro­
ducing area only those rotations which have production possibility in 
that particular region are defined. A crop management system is defined 
as a unique combination of a rotation with a specific tillage and con­
servation practice on irrigated or dryland. The soil physical charac­
teristics such as soil type, slope gradient, length of slope and 
natural fertility, along with technological factors including various 
inputs, fertilizer response,tillage and conservation practices and the 
natural possibilities such as the quantity and distribution of rain­
fall are taken into consideration in defining each of these crop manage­
ment systems. 
The crop rotations used in each producing area are determined by 
combining the rotations recommended by the Soil Conservation Service in 
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each of the Land Resource Areas (Appendix 7). The nunter of rotations 
is adjusted to a reasonably workable level by determining the relevant 
crops grown in the producing area based on the 1964 and 1969 Census of 
Agriculture (82, 83) and selecting rotations providing a variation in 
production around these crops. 
The soil loss is calculated from the universal Soil Loss Equation 
as developed by Wischmeier and Smith (92) (Appendix 3) and the data 
obtained from the regional specialists of the Soil Conservation Service 
(Appendix 7). Four conservation practices, namely, the straight row 
cultivation, contouring, strip cropping and terracing are considered. 
Each conservation practice is associated with three types of tillage 
practices: conventional tillage, residue management and reduced tillage. 
Each of these combinations is defined on all the land classes where ever 
the data are available. Each rotation combined with specific conservation 
practice and tillage practice defines a unique crop management system. 
A detailed description of the methodology used and the assumptions made 
is given in Appendix 3. 
Each crop management system has a different soil erosion 
coefficient. Soil erosion is influenced by many factors such as land 
quality, slope gradient, length of the slope, rainfall, etc. All these 
factors are considered in calculating the soil erosion coefficients for 
each crop management systems as explained in Appendix 3. Soil erosion 
is high on lands where row crops are grown, whereas cover crops usually 
result in low erosion rates. Monocropping increases soil erosion. 
Erosion under rotation com is about two-thirds greater than under com 
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following clover (62b). Forages in rotation mainly provide cover over 
the soil surface to prevent it from washing and blowing away and break 
the force of rainfall. Deep rooted legume crops in rotation also reduce 
soil erosion. 
Soil erosion can also be reduced using various tillage and 
conservation practices. Straight row cropping results in high erosion 
levels whereas contouring, terracing and strip cropping reduce erosion 
by considerable amount. Contouring reduces runoff by temporarily hold­
ing back the water thus allowing more time for penetration. The runoff 
water must travel some distance down the furrow before it is finally 
carried off the field and therefore moves off the field slowly. Strip 
cropping is an effective means of spreading water. As water flows 
across the clean tilled strip, there is a tendency towards concentration 
of water which picks up a load of suspended soil. As the silt-laden 
soil passes into the protective strip, the velocity is reduced resulting 
in deposition of silt load. Further, water is spread out because of the 
close growing plants in the protective strip. Spreading runoff water 
usually prevents concentration and velocity. Terracing also reduces the 
velocity of water and spreads it. This method is highly effective on 
lands up to 12 percent slope (62b). Residue management and reduced til­
lage results in better covering of the soil surface and reduces erosion. 
Reduced tillage is interpreted to be the adoption of the most likely 
method of tillage in area consistent with reduction in direct exposure 
of soil surface to the erosion causing elements. In years of average 
rainfall or less, additional yields and income are realized in the first 
38 
year of terracing and contouring. Strip cropping never decreases yields 
and often adds to them. The main costs involved in these conservation 
practices are labor and machinery costs (24b) . 
Crop yields are estimated from the regional yield response functions 
developed by Stoecker (62a). These yields are adjusted for each land 
class using the data from Soil Conservation Service Bureau (Appendix 7) , 
the 1964 Agricultural Census (82) and the National Inventory (64) . 
Each of the yield functions incorporates response to nitrogen fertilizer 
application, time trend reflecting technology, land class production dif­
ferentials and conservation and tillage yield effects. The development 
of the yield coefficients is detailed in Appendix 4. 
The nitrogen fertilizer coefficients for the interaction between 
the crop management systems and the nitrogenous fertilizer restriction 
are obtained as a byproduct of the yield estimates. The optimum level 
of fertilizer that goes into the regional yield response function is also 
used to estimate the interaction coefficients. These interaction coef­
ficients are adjusted whenever a rotation includes legume hay or soy­
beans, since both these crops have the ability to fix nitrogen in their 
root nodules and some of this nitrogen is available to the crops follow­
ing in the rotation. The methodology used in developing these interaction 
coefficients is described in Appendix 4. 
Water coefficients are determined as outlined in Agricultural Water 
Demands (25) and the requirements for each activity are weighted by the 
percentage of the crops in the rotation. The crop costs are calculated 
individually from the data collected by Eyvindson (16) . Five components 
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of the total cost are used; labor cost, machinery cost, pesticides, 
non-nitrogen fertilizer and miscellaneous costs such as lime, grain dry­
ing and seed. The fertilizer costs are adjusted from the yield calcu­
lation, labor costs are adjusted according to the historic trends reflect­
ing a continued decline in labor input per unit of output, and all other 
costs are adjusted assuming that the increase in cost is proportional to 
the increase in yields. All costs are determined in terms of 1972 
dollars. Appendix 5 outlines the methods used and adjustments made in 
calculating these costs. 
For Models E, F and G2, where use of pesticides and insecticides 
is restricted, the yields in Iowa are adjusted according to the data 
obtained from personal communication with Dr. Stockdale. Entomology, 
Iowa State University. The pesticide components of the total costs are 
also adjusted to reflect this restriction. These restrictions on pesti­
cides and other chemicals are imposed only in the State of Iowa. 
The difference between conservation and tillage practice alternatives 
for a given crop rotation is reflected only in yield and cost differen­
tials, but not in the resource use. In the linear programming context, 
that alternative which has the lowest cost per unit of output will be 
selected consistently. With this in mind, all crop management systems 
within a unique rotation are evaluated and the most profitable alternative 
is selected i.e., the one which has the highest income level, given the 
costs in tenus of resource use. This screening of the crop management 
systems resulted in reducing the number of crop management activities. 
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This does not effect the nxnnber of other activities, but the reduction is 
significant, since the crop sector is by far the largest sector in the 
model. 
Livestock production sector 
The livestock producing activities simulate the production 
possibilities of the meat portion of the nation's demand for agricultural 
products. These activities, also, create intermediate demand for the 
feed commodities. All these activities are defined at the consuming 
region level. They represent four types of basic activities: beef cow, 
beef feeding, hog and dairy operations, which in turn produce feeders, 
fed beef, nonfed beef, milk products and pork. In developing these live­
stock activities, various factors such as rations depending on the live­
stock class and technological alternatives depending on production inputs, 
feed and waste handling systems, climate etc are taken into consideration. 
The rations provided for each livestock activity are based on the nutrient 
requirements specified by the National Acadeii^ of Sciences (45, 46, 47) 
and the adjustments are explained in the Appendix 2. These rations create 
intermediate demand for the appropriate commodities. These activities 
also create demand for water in the water supply regions. 
International trade sector 
This sector adjusts the commodity demands to meet the export 
requirements of the model. The basic model uses the net export data 
for the years 1969-72 as normal level of net exports (or imports). The 
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export demands for com, barley, oats, oil meals and sorghum are 
allocated to individual consuming regions, based on the proportions to 
the average of exports of each commodity from the ports in the respective 
regions over the period 1967-69 (65, 66, 67, 68). 
For the two solutions using high level net exports, to cover the 
effects of increased foreign trade and high prices, the level of exports 
are increased to the highest possible extent where the entire land base 
of United States is almost completely utilized. The net exporcs in the 
year 1973 are the highest ever in the history of the United States. 
Twice the level of 1973 exports of feed grains are used as the medium 
level of exports for the Models G1 and G2. Table 3 gives the level of 
exports used for different models in this study. Various treaties with 
Mexico and Canada require export of water to those countries. This 
quantity of water to be exported is determined outside the model and 
is entered at a presolution deficit in the water sector of the model. 
For those commodities, which are determined exogenously in the 
model, the net exports are accounted for, by adjusting the projected 
per capita requirements of these commodities based on the average from 
the data for 1969-72. 
Determination of the resource levels 
The resources are defined to include different types of land, water 
and nitrogenous fertilizer. This section describes the determination of 
the availability, cost and use of these resources in optimization of 
the models. A detailed description of the assumptions made, and the 
methodology used in determining the land base levels is given in Appendix 6. 
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Table 3. Net export levels used for different models 
Net export level 
Commodity Units Normal Medium High 
Com thou. bu. 626 ,333 2,610 ,372 6,800,000 
Sorghum thou. bu. 126 ,666 439 ,496 800,000 
Barley thou. bu. 48 ,666 182 ,074 400 ,000 
Oats thou. bu. 16: ,179 102: ,846 200,000 
Wheat thou. bu. 658: ,719 1,400 ,000 1,200,000 
Oilmeals^ thou. bu. 276 ,407 350. ,000 350,000 
Cotton thou. bales 3: ,306 13: ,000 13,000 
Beef thou. cwt. -16: ,088 -16 ,088 -16,088 
Pork thou. cwt. -3: ,349 -3 ,349 -3,349 
Dairy products thou. cwt. -4, ,661 -4. ,661 -4 ,661 
Broilers thou. cwt. 295. ,416 295. ,416 295 ,416 
Turkeys thou. cwt. 44: ,162 44, ,162 44,162 
Eggs thou. doz. 68, ,699 68. ,699 • 68,699 
Sheep & lamb thou. cwt. -1: ,647 -1, ,647 -1,647 
aoilmeals are expressed in soybean meal equivalent. 
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The acreage available by land class is determined from the 
National Inventory of the Soil Conservation Service (64). The base 
acreages, used for the cultivated land, in this study are obtained by 
aggregating the acreages by land classes from the National Inventory 
(64), which were used for row crops, close grown, summer fallow, rotation 
X-
hay and pasture, conservation uses and fruits and vegetables. The 
National Inventory reported these acreages by eight different general 
classes of land and four subclasses indicating the susceptibility to 
erosion, water, climate or soil condition hazards—a total of 29 land 
classes. These 29 land classes are aggregated into 9 land groups—as 
shown in the Table 4. 
The available land in each groiq) is adj usted for the projected 
increase in the availability of irrigation water as outlined in Agri­
cultural Water Demands (25). These acreages are also adjusted for the 
exogenous crops as described in the Appendix 1. Available acreage in 
each land groups is determined at the producing area level. After all 
the adjustments, all the land groups with less than 1,000 acres available 
for cultivation are aggregated into the next closest land group in 
erosion characteristic. The acreage in these land groups, at producing 
area level, determines the land available for crop production in that 
producing area for that particular land group. This forms the vçper 
limit on the availability of land of that particular quality in the pro­
ducing area. Total land available for endogenous crops is given in Table 
5. 
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Table 4. Land classes and subclasses aggregated into 
nine land groups® 
Land groups Inventory class-subclass 
1 I 
2 HE 
3 IIS, lie, IXW 
4 HIE 
5 HIS, IIIC, IIIW 
6 IVE 
7 IVS, IVC, IVW 
8 all of V 
9 all of VI, VII and VIII 
^Inventory classes and subclasses are as defined by the Soil 
Conservation Service for the National Inventory (77). 
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Table 5. Total dryland and irrigated acreages.in the nine 
land groups available for endogenous crops 
Dryland Irrigated Total 
Land group 1,000 acres 1,000 acres 1,000 acres 
1 24,307 6,399 30,706 
2 75 , 5 72 6,898 82,570 
3 75,612 4,810 80,422 
4 65,466 3,551 69,017 
5 46,257 4,985 51,242 
6 28,515 1,217 29,732 
7 15,136 1,2 72 16,408 
8 319 10 329 
9 12,885 296 13,181 
344,172 29,437 373,609 
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The water resources are obtained directly from Agricultural Water 
Demands (25) . A water buying activity is defined for each of the 35 
water supply regions. Each of these activities is restricted such that 
W®i<[Ji, where W®i is the level of water buying activity in water supply 
region i and Ui is the upper limit equal to the dependable water siçply 
in region i. A desalting activity is defined to augment the water supply 
in those water supply regions that are adjacent to salt water source. 
This activity is given a high cost ($100.00) per acre foot, so that it 
comes into the optimum solutions only for high return uses. This 
assigned cost is approximately equal to the cost of desalting one acre 
foot of water with the technology available at present. 
The nitrogen fertilizer activities are defined at consuming 
region level. There is no iq)per limit on these fertilizer activities, 
so that, the crop production is not limited by the scarcity of nitrogen 
fertilizer. These activities allow for purchasing nitrogen fertilizer 
required by the crop management systems. 
Commodity and resource transfers 
Transportation activities are defined to facilitate transfer of 
commodities from areas of surpltjs production to areas of excess demand. 
Similar activities are defined to transport water on a downstream flow 
or through inter-basin channels. The commodity transportation activities 
are defined for the crop products—barley, com, oats, sorghum, soybeans 
and wheat and for livestock products—fed beef, nonfed beef, pork, feeders 
and dairy products on a milk equivalent basis. These activities are 
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defined as 0_<Tijk, where Tijk is the net movement of ith commodity in 
j th consuming region through kth route. These activities are defined for 
all j. These activities move commodities to adjacent consuming regions. 
Some long haul routes are also defined wherever the long haul mileage 
is less than 90% of the route associated with the movement through all 
intermediate markets. The transportation costs are treated as linear 
functions of mileage. Also, no handling costs are charged at each 
intermediate markets (25). 
The transfer of water has two components, the down stream flow and 
interbasin flows. The natural flow activities are defined as WNij^0.75Wi, 
where WNij is the natural downstream flow of water from ith water supply 
region to j th water supply region and Wi is the water available at the 
ith water supply region. This restriction allows a maximum of only 75% 
of the available water to be transported as outlined in Agricultural 
Water Demands (25) . The interbasin transfers are defined wherever inter­
basin transfer systems are existing. The bounds on these activities are 
the capacity of the system rather than the quantity of water available. 
The final transfer sector in the model is to allow fed beef to be 
used as part of the supply requirements to meet the nonfed beef demand. 
This is same as slaughtering cattle in a slightly less finished state to 
be used for low quality meat. If this type of substitution is not 
allowed, excess livestock (dairy and/or beef cows) will be produced by 
the model to satisfy the nonfed beef demand and produce an excess of 
their primary products, namely, feeders and milk. 
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Exogenous agricultural sector 
Resources for the exogenous agricultural sector are predetermined. 
The exogenous crop sector includes broomcom, buckwheat, cowpeas, dry 
beans, dry peas, flax, hops, orchards and vine yards, peanuts, potatoes, 
proso-millet, rice, rye, safflower, sugar cane, sunflower, sweet potatoes, 
crop land and noncrop land pasture, noncrop land hay, tobacco and 
vegetables. Appendix 1 details the procedures used in allocating the 
resources for these crops. The land requirements for these crops is 
subtracted from the land available in each land class in the respective 
producing areas. When the required acreage for these crops is more than 
the available land in a particular land class, the acreage is adjusted 
in another land class or in an adjacent producing area having the same 
productivity. The exogenous crops receive water prior to the endogenous 
crops. This would not cause any discrepancy from the view point of 
competetive situation, because most of these exogenous crops are either 
high value crops or crops grown under contract. Nitrogen required for 
these crops is projected for the year 1985 and this quantity is entered 
into the model as a presolution deficit in the nitrogen fertilizer 
market. 
The exogenous livestock sector includes broilers, eggs, turkeys, 
sheep, lambs and other animals such as horses, mules, ducks, geese, fur 
bearing animals and zoo animals. The rations for these livestock cate­
gories are determined as outlined in Agricultural Water Demands (25) . 
The method of calculating the animal protein production is outlined in 
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the Appendix 2. The quantity of nitrogen equivalent wastes produced by 
these livestock classes is determined and entered into the nitrogen 
fertilizer restriction. 
Regional Restraints 
Restraints are defined at different regional levels such as 
producing areas, consuming regions, water supply regions and at the 
national level. These restraints restrict the use of land, domestic 
and international demand, water buying and transfer, use of nitrogen 
and pesticides and soil loss. In this section, these restraints are 
discussed at different regional levels. 
Restraints imposed at the producing area level 
Three types of restraints are imposed at the producing area level. 
These are: i) restraints on the availability of land by land group, 
ii) restraints on the use of nitrogen and pesticides and iii) restraints 
on maximum allowable soil loss per acre. 
The restraint on available land is defined for each producing area 
by erosion group. These restraints form the base for the model and pro­
vide a means of expanding or contracting the agricultural output. The 
amount of land required for the exogenous crops is set aside. These 
restraints are of the type 
ZAijk Xijk £ Lij 
i=l,...,102 for the producing areas, 
j=l, ...,18 for the land grotips defined. 
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k=l,...,for the number of crop management systems defined on jth 
land group in ith producing area 
where 
Aijk is the acres of crop land defined in kth crop management system 
on jth land group in ith producing area, 
Xijk is the level of kth crop management system defined on jth land 
group in ith producing area and 
Lij is the net availability of crop land on jth land groi^ in ith 
producing area. 
A total of 18 land groups are defined, 1 througji 9 for the dryland 
activities and 10 throu^ 18 for the potentially irrigated activités. 
Dryland activities are also defined on the potentially irrigated land 
such that when the entire water supply is utilized completely before the 
land base is exhausted, the unused land could be shifted to rain-fed 
crops. But, even when there is surplus water available, the model has 
no provision for switching to irrigated activities on dryland. 
Another restraint inçosed at the producing area level is the soil 
loss restriction. This restriction is imposed only on 12 producing 
areas (producing areas numbered 91 through 102) that comprise the state 
of Iowa. In fact, this is a presolution condition and is not executed 
by the model. Each activity in the above mentioned producing area is 
evaluated and only those crop management systems that have a determined 
soil loss level less than the per acre limit imposed on the model are 
included for that analysis. The soil loss restrictions are of the form 
SLijk_<MSL, where, SLijk is the per acre soil loss associated with the 
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kth crop management system on jth land class in ith producing area and 
MSL is the maximum allowable soil loss per acre. 
The restriction on the use of nitrogen fertilizer is also imposed 
in a similar fashion. Whenever a crop management system uses more than 
100 lbs of nitrogen, the use is restricted to 100 lbs and the yields 
are adjusted accordingly, using the yield response functions. Similarly, 
the use of pesticides is restricted to a minimum possible level and the 
yields and costs are adjusted accordingly, based on the data obtained 
from a personal communication with Dr. Stockdale, Entomology, Iowa State 
University. These are all the restrictions imposed in different models 
at the producing area level. 
Res traints defined at water supply region level 
Only one restraint is defined at the water supply region level. It 
regulates the supply of and demand for water in the water supply regions. 
This restraint is of the form: 
± ± «I _ I : 
-Ji è "ik -J, < i 0 
i=l,...,102 for producing areas, 
j=l,...,for the crop management systems in ith producing area, 
k=l,...,for livestock activities in ith producing area, 
1=1 ,...,35 for water supply regions, 
m=l,...,18 for land groi5>s in ith producing area 
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where 
is the level of water buying activity in 1th water supply region, 
T W, is the level of net natural water transfer associated with 1th 
'1 
water supply region, 
is the level of net interbasin transfer of water associated with 
1th water supply region. 
wj is the level of onsite water use in 1th water siçply region, 
W* is the level of water export associated with 1th water supply 
region, 
is the level of water use for exogenous crops and livestock in 
1th water supply region, 
is the per acre water requirement for the j th crop management 
system in mth land group in ith producing area, 
is the level of j th crop management system on mth land groiq) 
in ith producing area, 
Y is the per unit water requirement by the kth livestock activity 
in ith producing area, 
is the level of kth livestock activity in ith producing area, 
W? is the level of water use per person in ith producing area and 
Pj^ is the number of persons in ith producing area. 
All these units are measured in acre-feet of water. Of the 
activities interacting in this model, water biding, water transfer. 
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interbasin flow, water for onsite uses, water exports, water for exogenous 
crops and livestock are bound by an upper limit. 
Restraints at the consuming region level 
The restraints at the consuming region level balance the production 
and distribution of commodities and allow for interactions of the commodi­
ties as intermediate goods wherever applicable and also for the level of 
international trade. Transportation activities link these consuming 
regions, allowing for transportation of commodities to facilitate regional 
comparative advantage. The commodities balanced at the consuming region 
level are; barley, com grain, legume and non legume hay, oats, oilmeals, 
silage, sorghum grain, wheat, fed and nonfed beef, dairy products, feeders 
and pork. These restraints are of the form: 
Z Z C ' ^ X ± Z C ^ Y ± Z T ± E  
iem j ijl ij mkl mk Imn Im 
- Z P  N - X  > 0  
iem il i Im 
i=l, ...,102 for producing areas, 
j=l,...,for crop management systems, 
k=l,...,for livestock activities, 
1=1,...,15 for commodities, 
m=l,...,29 for consuming regions, 
n=l,...,for transportation activities defined in mth consuming region 
where 
« 
54 
Cfjl is per unit production of 1th commodity by jth crop management 
system in ith producing area, 
X^j is the level of jth crop management system in ith producing 
area, 
C^l is the per unit production or use of 1th commodity by kth 
livestock activity in mth consuming region, 
is the level of kth livestock activity in mth consuming region, 
T-j is the net movement of 1th commodity in mth consuming region 
by nth route, 
is the net export of 1th commodity from mth consuming region, 
is the per capita consumption of 1th commodity in ith producing 
area, 
is the population level in ith producing area and 
X-i^ is the net use of 1th commodity by the exogenous livestock in 
mth consvnaitig region. 
The second restriction defined at the consuming region level is on 
nitrogen fertilizer. This restriction balances the production and pur­
chase of nitrogen fertilizer equivalent on the supply side and use on the 
demand side. This rules out the possibility of using the nitrogen from 
the livestock wastes produced on one consuming region in another consum­
ing region for the production of crops. This restriction is of the form: 
Z Yim Lim + Zi + ELi - S 2 Z Xljk Aljk - ECi ^  0 
m 3 k lei 
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i=l,...,29 for consuming regions, 
for land groups, 
k=l,...,for crop management systems, 
m=l,..,,for the number of livestock activities and 
1=1,...,for producing area defined in ith consuming region-
Where 
Lim is the lbs. of nitrogen fertilizer equivalent produced in the 
wastes of one unit of mth livestock activity in ith consuming 
region, 
Yim is the level of mth livestock activity in ith consuming region, 
Zi is the level of nitrogen fertilizer buying activity in ith 
consuming region, 
ELi is the level of nitrogen fertilizer equivalent produced by 
exogenous livestock activity in ith consuming region, 
Aljk is the per acre nitrogen fertilizer equivalent requirement of 
kth crop management system on jth land group in 1th producing 
area, 
Xijk is the level of kth crop management system on jth land group 
in 1th producing area and 
EC^ is the level of nitrogen fertilizer equivalent requirement 
for the exogenous crop activities in ith consuming region. 
Another restriction imposed at the consuming region level is on 
the production of crop and livestock commodities. Since it is felt that 
the time period to 1985 is not sufficient to warrant a conç>lete shift of 
the production pattern based on the conq>arative advantage, the 
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production of these commodities is restricted by lower and upper 
bounds. Since this restriction results in diversification, it can also 
be viewed as risk aversion strategy on the part of the farmers. These 
restraints are of the type: 
Lik £ Z Wijk Xijk £ Uik 
j 
i=l, ,29 for the consuming regions, 
j=l,...,for the crop management systems, 
k=l,...,for the commodities on which production restraints are 
imposed 
where 
Lik is the lower limit on the production of kth commodity in ith 
consuming region, 
Wijk is the rotation weight of kth commodity in jth crop management 
system, 
Xijk is the level of jth crop management system producing kth 
commodity in ith consuming region and 
Uik is the upper limit on the production of kth commodity in ith 
consuming region. 
The upper and lower limits are in terms of acres for crop commodities 
and in terms of number of heads in case of livestock activities. The 
lower and upper limits are calculated on the basis of production levels 
in 1969. These restrictions are imposed for com (silage and grain), 
sorghum (silage and grain), cotton, soybeans, wheat, legume hay, beef 
cows, fed beef, hogs and dairy. In case of the livestock activities, unit 
weights (Wijk=1.0) are used. 
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Restraints imposed at the national level 
Two commodities namely cotton and sugar beets are balanced at the 
national level. The producing areas feed these commodities directly 
into the national market. The restraints are of the type: 
Z Z Cijl Xij - Q1 - El 2 0 
i j 
i=l»...,102 for producing areas, 
j=l,...,for the crop management system defined containing the 
possibility of producing 1th commodity, 
1=1,2 for the commodities balanced at the national level 
where 
Cijl is the per unit production of 1th commodity by j th crop 
management system in ith producing area, 
Xij is the level of jth crop management system in ith producing 
area, 
Q1 is the level of national domestic demand for 1th commodity and 
El is the level of net export of 1th commodity. 
Objective Function 
The objective of the programming model is to minimize the total 
cost of meeting the food and fiber demands including both domestic and 
export demands, subject to various restraints. The restraints are mainly 
the availability of land, water, and fertilizer nitrogen resources, meet­
ing the environmental goals and the technology implied in the defined 
activities. The objective function includes the cost of production. 
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transfer and transportation of commodities and resource purchases. For 
each activity, a unit cost of production is defined. This cost includes 
only the cost of those inputs which are not provided by the programming 
model. The objective function is of the form: 
mn Î(Z C9. + £ cf F^) + 
r(C® W» + + £ s £ Impq 
1 m p q 
i=l,...,102 for producing areas, 
j=l,...,for crop management systems in ith producing area, 
k=l,...,for livestock activities, 
m=l,...,29 for consuming regions, 
p=l,...,15 for the commodities considered in mth consuming region, 
q=l,...,for transportation activities defined in mth consuming 
region for pth commodity, 
1=1,...,35 for water supply regions. 
where 
x^j is the level of ith crop management system in jth producing 
area, 
C?j is the per unit cost of jth crop management system in ith 
producing area, 
is the level of kth livestock activity in ith producing area, 
C^k is the per unit cost of kth livestock activity in ith produc­
ing area. 
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F is the level of nitrogen fertilizer purchased in ith producing 
m 
area, 
is cost per unit of nitrogen fertilizer purchased in ith 
m 
producing area, 
is the level of water buying in 1th water supply region, 
is the cost per acre foot of water buying in 1th water supply 
region, 
is the level of water desalting activity in 1th water supply 
region, 
is the cost of desalting one acre foot of water in 1th water 
supply region, 
T is the level of water transfer through natural flow, exports 
or interbasin transfers in 1th water supply region, 
T is the cost of transporting one acre foot of water in 1th 
water supply region, 
T is the net movement of mth commodity in pth consuming region, 
mpq 
T C^pq is the cost of moving one unit of mth commodity in pth con­
suming region through qth route. 
This concludes the detailed description of the resources, activities 
and different restraints of the models used in this study. The follow­
ing chapters deal with the results and effects of various environmental 
controls imposed on agricultural sector and different export levels on 
the income, production, land use patter, prices and other economic 
factors. Chapter III deals with the effects of isolated controls on 
60 
maximum allowable soil loss in Iowa. Chapter IV details the effects 
of other environmental controls such as restrictions on use of nitro­
gen fertilizer and other chemicals. Chapter V describes the effects 
of increased exports combined with different environmental 
restrictions. 
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CHAPTER III. TRADE-OFFS UNDER ALTERNATE SOIL 
LOSS RESTRICTIONS 
A total of nine models is analyzed in this study. These models 
deal with restrictions in different levels of maximum allowable soil 
loss from the agricultural lands, the use of chemical fertilizers and 
other chemicals and different export levels (Table 1). Three models 
are discussed in this chapter. Model A is used as a benchmark solution. 
This model deals with the free market conditions with no restrictions on 
soil loss and use of nitrogenous fertilizers and other chemicals with 
exports held at 1969-72 levels. The other two models incorporate two 
levels of maximum allowable soil loss, one at 5 tons and the other at 
2.5 tons per acre per year from the cropped area in Iowa. For each of 
these models, results are presented on land use, cropping pattern, soil 
loss and farming practices. 
All the models estimate the production, consumption and other 
economic factors for the year 1985, subject to different environmental 
restrictions. The unrestricted soil loss model (Model A) estimates the 
production and resource use, simulating free market conditions. The 
only restrictions preventing a complete free market situation are the 
fertilizer nitrogen balance restrictions and the upper and lower bounds 
on production of commodities in each of the consuming regions. The 
nitrogen fertilizer balance restrictions force the model to use the 
livestock wastes produced in each consuming region for crop production 
in that region. These restrictions prevent the production of livestock 
in areas where sufficient land does not exist to dispose of the livestock 
wastes, appropriately. 
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The ençhasis of the anlysis in this section is on the effects of 
soil loss restrictions on the agricultural sector. These effects are 
reflected in the land use pattern, resource use, farming practices, income 
to the farming sector and other related factors. The results are pre­
sented at a regional level for those variables where the variation is. 
important to the implied productivity changes. The seven regions for 
which most of the data are presented, are approximated in Figure 10. 
Initially a comparison is made of the free market solution with the 
most recent comparable data available. 
Production Patterns Under No Soil Loss Restriction 
The unrestricted model (Model A) is used as a bench mark solution 
against which most of the other models are compared to determine the 
effects of environmental restrictions imposed. The unrestricted model 
simulates the agricultural sector, given complete mobility of resources, 
including farmers, with a one year planning horizon. The model does 
not assume any practices undertaken to maintain the productivity of land 
or other factors. This may over-emphasize some of the results. The 
comparison of the projected regional shifts of production patterns under 
no environmental restrictions is made against the production patterns 
found in 1967 (64). 
Land use patterns 
The land use pattern suggests that there would be additional 
production capacity in all the regions in 1985. Given the free market 
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situation, the production of crops would shift to areas where the greatest 
comparative advantage exists for any given crop, satisfying the demand 
and upper and lower production bounds. The projected yield increases 
would result in smaller acreage in 1985 than in 1967. The total dry­
land acreage in 1985 would decline to 938,938 thousand acres as compared 
to 952,632 thousand acres in 1967, Tables 6, 7 (a decrease of about 1.5%). 
Even though the acreage under row crops would increase by about 24,352 
thousand acres, the acreage under close grown crops would decrease by 
about the same amount (about 24,831 thousand acres). The acreages 
under all hay and other crops would decrease by about 34,396 thousand 
acres in 1985. The total dryland acreage would increase in South Central, 
South West and Iowa in 1985 as compared to 1967. But these increases 
would be more than offset by the decrease in area cultivated in other 
regions. This is partly due to the increase in yield rates and due to 
the regional shifts in production pattern according to the comparative 
advantage between the regions. The reduction in hayland acres reflect 
a switch towards the cultivated acres as a roughage source. This shift, 
away from the haylands is partly due to the movement of livestock 
enterprise to the regions where their wastes become a source of income 
rather than a cost for disposal. 
The irrigated acreages in the country would decrease by 4,664 
thousand acres from 39,973 thousand acres in 1967 Tables 8, 9 (about 
12% decrease). Irrigated row crops would decline by about 5 million 
acres, where as acreage under pasture would increase by about 6.5 million 
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Table 6. Dryland crop acreages in major zones by soil class in 1967^ 
Close All 
Zone and soil class Row grown hay^ Pasture*^ Other*^ Total 
(OOP acres) 
Iowa 16,427 1,990 4,507 5,594 4 28,522 
I, II 11,147 1,058 1,945 1,523 2 15,675 
HIE, IVE 4,134 788 2,108 1,869 1 8,900 
other III, IV 799 70 150 177 0 1,196 
V-VIII 347 74 304 2,025 1 2,751 
Atlantic 20,314 4,973 12,138 41,568 2,062 81,035 
I, II 12,158 2,608 4,834 7,119 560 27,279 
HIE, IVE 2,943 1,349 3,885 8,864 250 17,291 
other III, IV 4,5 79 774 2,175 12,401 1,011 20,940 
V-VIII 634 242 1,244 13,184 241 15,525 
North Central 58,263 26,811 26,939 41,114 4,017 157,144 
I, II 43,180 18,768 14,816 12,244 2,911 91,919 
HIE, IVE 6,547 • 3,664 6,360 10,391 508 27,470 
other III, IV 7,653 3,863 3,853 4,688 475 20,532 
V-VIII 883 516 1,910 13,791 123 17,223 
South Central 37,161 23,667 10,637 169,350 4,272 245,087 
I, II 18,069 11,928 3,802 27,786 1,735 63,320 
HIE, IVE 8,968 7,734 4,088 45,325 1,384 67,499 
other HI, IV. 9,139 3,346 1,811 17,878 973 33,147 
V-VIII 985 659 936 78,361 180 81,127 
Great Plains 8,073 27,567 9,093 185,352 19 ,565 249,650 
I, II 3,983 11,204 2,676 7,551 6,912 32,326 
HIE, IVE 3,275 11,193 3,621 34,130 8,211 60,430 
other HI, IV 433 3,552 1,292 8,274 3,146 16 ,697 
V-VIII 382 1,618 1,504 135,397 1,296 140,197 
North West 93 5,980 2,158 47,651 3,883 59,765 
I, H 81 1,183 559 945 468 3,216 
HIE, IVE 7 3,145 798 5,069 2,176 11,195 
other HI, IV 20 1,427 677 2,298 1,055 5,477 
V-VIII 5 225 124 39,339 184 39,877 
South West 3,574 2,844 76 123,682 1,253 131,429 
I, II 149 251 25 943 191 1,559 
HIE, IVE 2,190 1,035 29 6,260 366 9,880 
other HI, IV 876 1,415 18 4,186 606 7,101 
V-VIII 359 143 4 112,293 90 112,889 
United States 143,905 93,832 65 ,548 614,311 35,036 952,632 
I, II 88,747 47,000 28,657 58,111 12,779 235,294 
HIE, IVE 28,064 28,908 20,889 111,908 12,896 202 ,665 
other HI, IV 23,499 14,447 9,976 49,902 7,266 105 ,090 
V-VIH 3,595 3,477 6,026 394,390 2,095 409,583 
^Source: (64). 
^Includes rotation hay, other hay and cropland pasture, 
cIncludes permanent pasture, range land and forest grazed. 
'^Includes summer fallow, orchards and vine yards. 
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Table 7. Dryland acreages in major zones with unlimited soil loss 
and normal prices in 1985 (Model A) 
Close All 
Zone and soil class Row grown hay® Pasture Other^ Total 
(OOP acres) 
Iowa 22,348 1,217 3,749 5 ,245 3 32,562 
I, II 14,469 830 2,180 0 2 17,481 
HIE, IVE 6,431 385 1,563 0 1 8,380 
other III, IV 1,446 2 6 0 0 1,454 
V-VIII 0 0 0 0 0 0 
Atlantic 17,904 2,447 3,379 47 ,899 1,785 73,414 
I, II 14,803 1,811 2,115 0 369 19 ,098 
HIE, IVE 1,017 440 786 0 152 2,395 
other III, IV 1,979 189 478 0 1,104 3,750 
V-VIII 105 7 0 0 160 272 
North Central 63,497 19,763 17,652 47 ,990 255 149,157 
I, II 52,469 14,470 12,305 0 87 79,331 
HIE, IVE 4,462 2,624 4,073 0 66 11,225 
other III, IV 6,536 2,647 1,274 0 79 10,536 
V-VIII 30 22 0 0 23 75 
South Central 46,309 17,144 12,162 172 ,234 744 248,593 
I, II 24,202 8,539 3,357 0 611 36,709 
HIE, IVE 7,614 5,626 5,046 0 75 18,361 
other III, IV 14,474 2,842 3,508 0 30 20,854 
V-VIII 19 137 251 0 28 435 
Great Plains 9,390 21,781 18,820 190 ,184 3,404 243,579 
I, H 5,901 7,593 10,939 0 515 24,948 
HIE, IVE 2,896 9,2 79 6,211 0 1,523 19,909 
other III, IV 565 4,715 696 0 1,366 7,342 
V-VIII 28 194 974 0 0 1,196 
North West 282 3,831 1,875 48 ,243 1,278 55,509 
I, II 64 552 1,192 0 36 1,844 
HIE, IVE 104 3,076 255 0 1,206 4,641 
other III, IV 69 192 407 0 23 691 
V-VIII 45 11 21 0 13 90 
South West 8,527 2,818 832 123 ,697 250 136.124 
I, II 2,886 693 82 0 126 3,687 
HIE, IVE 2,563 1,708 587 0 68 4,926 
other HI, IV 3,063 414 163 0 47 2,687 
V-VIII 15 3 0 0 9 27 
Ifeiited States 168,257 69,001 58,463 635 ,492 7,719 938,938 
I, 11 114,794 34,488 32,170 0 1,746 183,198 
HIE, IVE 25,087 23,138 18,521 0 3,091 69,837 
other III, IV 28,132 11,001 6,532 0 2,469 48,314 
V-VIII 244 374 1,246 0 233 2,097 
^Including other hay and crop land pasture 
"Summer fallow lands and orchards and vine yards. 
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Table 8. Irrigated crop acreages in major zones by soil class in 1967^ 
Zone and soil class Row 
Close 
grown 
All 
hay^ Pasture^ 
(000 acres) 
Qther*^ Total 
Iowa 12 0 23 0 0 35 
I, II 12 0 10 0 0 22 
HIE, IVE 0 0 2 0 0 2 
other III, IV 0 0 11 0 0 11 
V-VIII 0 0 0 0 0 0 
Atlantic 
I, II 
HIE, IVE 
other III, IV 
V-VIII 
North Central 56 1 7 0 0 64 
I, II 30 1 6 0 0 37 
HIE, IVE 2 0 0 0 0 2 
other III, IV 24 0 1 0 0 25 
V-VIII 0 0 0 0 0 0 
South Central 2,506 1,168 715 180 118 4,687 
I, II 2,112 701 332 109 103 3,357 
HIE, IVE 285 90 18 52 15 460 
other HI, IV 99 371 363 5 0 836 
V-VIII 10 6 2 14 0 32 
Great Plains 4,889 1,805 6,545 1,628 53 14,920 
I, H 3,698 882 2,107 236 19 6,942 
HIE, IVE 677 428 1,526 422 20 3,073 
other HI, IV 476 449 2,074 535 12 3,546 
V-VIII 38 46 839 435 2 1,359 
North West 1,801 1,545 3,513 872 949 8,680 
I, H 957 585 1,378 275 582 3,777 
HIE, IVE 188 253 613 71 154 1,279 
other HI, IV 639 683 1,229 396 193 3,140 
V-VIII 17 24 293 130 20 484 
South West 6,821 2,282 1,299 330 878 11,610 
I, II 4,954 1,602 799 139 447 7,941 
HIE, IVE 956 207 118 88 110 1,479 
other HI, IV 870 465 365 56 308 2,064 
V-VIII 41 8 17 47 13 126 
United States 16,085 6,801 12,079 3,010 1,998 39,973 
I, H 11,763 3,771 4,622 759 1,151 22,066 
HIE, IVE 2,108 978 2,275 633 299 6,293 
other HI, IV 2,108 1,968 4,032 992 513 9,613 
V-VIII 106 84 1,150 626 35 2,001 
^Source: (64). 
^Includes rotation hay, other hay and crop land pasture. 
^Include permanent pasture, range land and forest grazed, 
dIncludes summer fallow, orchards and vine yards. 
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Table 9. Irrigated acreages in major zones with unlimited soil loss 
and normal prices in 1985 (Model A) 
Zone and soil class Row 
Close 
grown 
All 
hay^ 
(000 
Pasture 
acres) 
Other^ Total 
Iowa 11 0 24 0 0 35 
I, II 11 0 11 0 0 22 
HIE, IVE 0 0 2 0 0 2 
other III, IV 0 0 11 0 0 11 
V-VIII 0 0 0 0 0 0 
Atlantic 0 0 0 0 0 0 
I, II 0 0 0 0 0 0 
HIE, IVE 0 0 0 0 0 0 
other III, IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 0 0 443 0 0 443 
I, II 0 0 336 0 0 336 
HIE, IVE 0 0 2 0 0 2 
other III, IV 0 0 105 0 0 105 
V-VIII 0 0 0 0 0 0 
South Central 1,600 704 338 198 87 2,927 
I, II 1,080 325 273 0 86 1,764 
HIE, IVE 223 55 63 0 1 342 
other III, IV 297 323 2 0 0 622 
V-VIII 0 1 0 0 0 1 
Great Plains 5,079 1,130 2,514 5,394 214 14,331 
I, II 3,814 701 1,787 0 11 6,313 
HIE, IVE 851 256 374 0 199 1,680 
other HI, IV 406 170 346 0 3 925 
V-VIII 8 3 7 0 1 19 
North West 1,853 1,708 3,059 2,366 680 9,666 
I, II 1,150 637 1,398 0 395 3,580 
HIE, IVE 350 262 485 0 108 1,205 
other III, IV 341 758 1,083 0 164 2,346 
V-VIII 12 51 93 0 13 169 
South West 2,896 1,446 1,203 1,545 817 7,907 
I, II 2,205 96 1,024 0 449 3,774 
HIE, IVE 177 90 179 0 93 539 
other HI, IV 511 1,260 0 0 264 2,035 
V-VIII 3 0 0 0 11 14 
United States 11,439 4,988 7,581 9,503 1,798 35,309 
I, II 8,260 1,759 4,829 0 941 15,789 
HIE, IVE 1,601 663 1,105 0 401 3,770 
other III, IV 1,555 2,511 1,547 0 431 6,044 
V-VIII 23 55 100 0 25 203 
^Includes rotation hay, other hay and crop land pasture. 
^Includes summer fallow, orchards and vine yards. 
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acres. But, this increase would be more than offset by the decrease in 
area under hay, close grown and other crops. 
Part of the reduction in acreage in 1985 is due to the shift of 
production to more productive Class I and II land relative to the crop­
ping patterns in 1967. About 70% of the row crops grown in 1985 would 
be grown on Class I and II as compared to only 62% in 1967. The pro­
portion of close grown crops on Class I and II would remain about the 
same in 1985 as compared to 1967, where as for all hay, the acreage on 
Class I and II would increase from 44% in 1967 to 55% in 1985. About 60% of 
the total dryland crops excluding pasture would be grown on Class I and 
II in 1985 as compared to only 52% in 1967. This is mainly due to the 
fact that the land that is not in use in 1985 would be mostly in the 
less productive and more erosive land classes. During the period 1960-72, 
approximately 50 million acres were retired from production under govern­
ment farm programs and the farmers are encouraged to rotate their retired 
land on their farms and the land that is not farmed is not allocated to 
more erosive and less productive lands. In this study, the land that is 
historically retired is allowed to be brought into production and the 
more productive land replaces the less productive lands on more than 1:1 
basis. 
About 61% of the total irrigated land, excluding pasture, would be 
on Class I and II land as compared to 59% in 1967. There would be little 
change in the land class concentration of the irrigated row crops. For 
the irrigated close grown crops, there would be a lower proportion on 
Class I and II in 1985 (about 35%) against 1967 (about 55%). This is 
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partly because a greater quantity of these lands would be used for 
exogenous crops, for which, land and other resources are allocated prior 
to the solution. 
Regional land use patterns 
The regional shifts of production between regions is not very 
significant. One reason for this may be the upper and lower bounds 
imposed on the production of commodités, as explained in Chapter II. 
The cropped dry land acreage would increase in Iowa by about 4 million 
acres in 1985 as compared to 1967. The total dryland under crops would 
decrease in all other regions except South Central and South West regions. 
The proportion of area under crops in all regions would remain about 
the same in all the regions. Even though there is no marked change in 
total cropped dryland, the cropping pattern changed considerably. Con­
sidering the dryland row crops (Figure 11), the four regions, Atlantic, 
North Central, South Central and Iowa contributed to about 93% of the 
total dryland row crops in 1967, where as the contribution of these 
regions in 1985 would decrease to about 89%. 
The close grown crops would be concentrated in North Central, South 
Central and Great Plains, accounting for about 85% of the national 
acreage in 1985 (Figure 12). These regions contributed to about 82% in 
1967. Great Plains region would have the highest concentration of close 
grown crops in the country with 31.57% in 1985. North Central and South 
Central regions would have the next highest concentration with 28.64% 
respectively. The acreage under close grown crops would decrease in all 
regions in 1985. 
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loss restriction and normal exports (Model A) 
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The irrigated acreage in the country would decline by about 4.7 
million acres in 1985 as compared to 40 million acres grown in 1967. 
The only significant increase in irrigated crops would be in North West, 
where about 1 million more irrigated acres would be used for crop pro­
duction in 1985. The irrigated acreage in all other regions would 
decrease, the highest reduction (3.7 million acres) being in the South 
West. The highest concentration of irrigated acreage would be in the 
Great Plains area (40% of the total irrigated area in the country, as 
compared to 37% in 1967). The concentration of irrigated row crops 
would move from South West (25.32%) to Great Plains area (44%) as com­
pared to 42% in South West and 30.39% in Great Plains in 1967. The con­
centration of close grown crops would move to North West with 34% in 
1985 as conçared to only 22% in 1967. The proportion of irrigated close 
grown crops would decrease in all other regions in 1985. 
Distribution of idled lands 
The comparative advantage between the regions and the use of better 
land would result in 64 million acres idled in 1985, Table 10. The 
highest concentration of these idled lands would be in North Central 
region with about 21 million acres (about 32%) as shown in Figure 14. 
The 64 million acres that would be idled in 1985 conçares to approximately 
50 million acres withdrawn from production annually during the 1960's. 
Some of the idled land results from the higher productivity due to yield 
increase and land class shifts in 1985. Only 7.67% of the highly pro­
ductive Class I and II land would be idled in 1985, where as the 
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Table 10. Crop land utilization in major zones with unlimited soil 
loss and normal prices in 1985 (Model A) 
Zone and soil class 
Available land^ Unused crop land 
Dry Irrig. Dry 
(000 acres) 
Irrig. Total 
Iowa 28,512 35 1,338 0 1,338 
I, II 17,367 22 0 0 0 
HIE, IVE 9,014 2 662 0 662 
other III, IV 1,493 11 48 0 48 
V-VIII 638 0 638 0 638 
Atlantic 32,745 0 12,746 0 12,746 
I, II 17,562 0 950 0 950 
HIE, IVE 6,939 0 5,108 0 5,108 
other III, IV 6,674 0 5,118 0 5,118 
V-VIII 1,570 0 1,570 0 1,570 
North Central 118,162 446 20,583 3 20,586 
I, II 80,605 336 3,701 0 3,701 
HIE, IVE 18,343 2 7,506 0 7,506 
other III, IV 16,053 108 6,215 3 6,218 
V-VIII 3,161 0 3,161 0 3,161 
South Central 85,427 3,734 13,118 251 13,369 
I, II 35,147 2,458 493 144 637 
HIE, IVE 24,932 388 7,076 7 7,083 
other III, IV 22,366 879 2,939 95 3,034 
V-VIII 2,982 9 2,610 5 2,615 
Great Plains 61,651 9,795 11,031 884 11,915 
I, II 23,876 6,028 16 16 32 
HIE, IVE 28,145 1,989 7,120 306 7,426 
other III, IV 7,717 1,688 1,087 485 1,572 
V-VIII 3,913 90 2,808 77 2,885 
North West 9,428 5,884 3,301 66 3,367 
I, H 1,538 2,781 0 0 0 
HIE, IVE 5,188 1,066 950 64 1,014 
other III, IV 5,328 1,893 1,998 0 1,998 
V-VIII 374 144 353 2 355 
South West 10,451 9,543 2,766 484 3,250 
I, II 470 6,482 254 335 589 
HIE, IVE 4,628 1,321 636 51 687 
other III, IV 4,785 1,677 1,308 35 1,343 
V-VIII 568 63 568 63 631 
United States 344,173 29,437 62,680 1,688 64,368 
I, II 175,594 18,107 4,443 495 4,938 
HIE, IVE 93,983 4,768 27,842 428 28,270 
other III, IV 61,392 6,256 18,889 618 19,307. 
V-VIII 13,204 306 11,706 147 11,853 
^Includes crop land available for endogenous crops only. 
= 500,000 acres 
....... 
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availability of these land classes is about 52% of the total land 
available. Some of the idled land represents summer fallow lands formerly 
allocated to the cropped lands in conjunction with the close grown crops, 
especially in the Western Great Plains area. Since there would be only 
7.67% of the Class I and II land, idled, increased commodity demands will 
not have equally productive land available, and as a result, the yield 
rates would decrease. This will be evident when the analysis of increased 
export demand is taken t:p in Chapter V. The following section will examine 
the effects of restrictions on maximum allowable soil loss in Iowa on the 
agricultural sector in the state and in the rest of the country. 
Production Patterns with 5 Ton Maximum Soil Loss 
Restriction in Iowa (Model Bl) 
With the absence of any soil loss restrictions, about 1.75 billion 
tons of soil would be carried from the cultivated lands in the country. 
The total soil loss from Iowa would be about 362 million tons per year. 
This section deals with the changes in production pattern, farming 
practices, income and other related factors with the imposition of soil 
loss restrictions in Iowa. As the maximum allowable soil loss in Iowa is 
restricted to 5 tons per acre, per year, the production and the farming 
practices in Iowa would undergo a major change. 
Model A indicates that, in the absence of any restrictions on 
maximum allowable soil loss, farmers would follow straight row farming 
practices and hence, the soil erosion would be excessive. Under Model 
A, 85% of the total cropped area would be grown with straight row 
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fanning practices, resulting in 344 million tons of soil being lost per 
year from these lands alone. Tables 11, 12. As the soil loss restrictions 
are imposed, the farmers would move to other farming practices which would 
result in less erosion. Some of the area in Iowa would be taken out of 
production and this would be compensated by other regions. As the farm^ 
ing practices are changed, the yield rates in Iowa would increase, so 
would be the cost of production. 
Land use pattern 
With the imposition of 5 ton maximum allowable soil loss restriction, 
about 178 thousand acres would be taken out of production in Iowa. This 
land would be taken out mostly from com and soybeans and oats and sorghum 
would be substituted for part of the acreage. Tables 13, 14. The pro­
duction of row crops would decrease by about 250 thousand acres where as 
there would be an increase of 72 thousand acres of close grown crops. 
Owing to the change in farming practices, there would be an increase in 
the yields of com (from 114.3 bu. per acre to 116.1 bu. per acre) and 
soybeans (from 38.3 bu. per acre to 39.6 bu. per acre). Tables 13, 14. 
But, owing to decrease in area, com production would decrease by about 
9.5 million bushels. At the same time, the production of oats would 
increase by about 4 million bushels and that of oil meals by about 2.4 
million cwt. 
The most significant change resulting from the soil loss 
restriction is the change in farming practices. As stated earlier, in 
Table 11. Acres under conservation practices in Iowa with unrestricted soil 
loss limit and normal prices in 1985 (Model A)® 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Soil class row only terrace row only terrace 
(OOP acres) 
Iowa 23,232 215 1 3,064 0 697 
I, II 14,940 212 0 2,237 0 0 
HIE, IVE 6,839 0 1 827 0 697 
other III, IV 1,453 3 0 0 0 0 
V-VIII 0 0 0 0 0 0 
^For all cultivated crops including rotation hay. 
Table 12. Erosion under conservation practices in Iowa under unrestricted 
soil loss limit and normal prices in 1985 (Model A)^ 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Soil class row only terrace row only terrace 
(OOP tons) 
Iowa 344,164 1,579 9 10,706 0 5,511 
I, II 113,232 1,563 0 7,477 0 0 
HIE, IVE 222,338 0 9 3,229 0 5,511 
other III, IV 8,595 16 0 0 0 0 
V-VIII 0 0 0 0 0 0 
®For all crops including rotation hay. 
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Table 13. Acreage, production and yield of crops in Iowa with 
unrestricted soil loss limit and normal prices in 
1985 (Model A) 
Crop Acreage Production Yield 
(000 acres) (000 bu.) (bu./ac.) 
Corn 10,243 1,171,886 114.3 
Oats 877 65,564 74.3 
Sorghum 466 35 ,410 75.8 
Soybeans^ 7,035 127,113 38.3 
Wheat 336 18,233 54.1 
^Production of soybeans in terms of oilmeal (cwt)• 
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Table 14. Acreage, production and yield of crops in Iowa with 
5 ton maximum soil loss and normal prices in 1985 
(Model Bl) 
Crop Acreage Production Yield 
(000 acres) (000 bu.) (bu./ac.) 
Com 10,008 1,162,384 116.1 
Oats 948 69,263 73.0 
Sorghum 466 35,410 75.8 
Soybeans^ 6,922 129,486 39.6 
Wheat 336 18,290 54.3 
^Production of soybeans is in terms of oilmeal (cwt). 
83 
the absence of any soil loss restrictions, the farmers would follow 
straight row practices, contributing to higher quantities of soil being 
transported from the agricultural lands. With the imposition of soil 
loss restrictions, the farming practices would move away from the straigjit 
row practices to more conservation practices. This is evident from 
Table 15. Under the conditions of Model A, there would be no contouring 
vâth reduced tillage and only a fraction of the cropped land would be 
under conventional tillage-contouring. Under Model Bl, all forms of con­
servation practices would be used. It can be seen that with no restric­
tions on soil loss, farmers would primarily farm under conventional til­
lage practices, predominantly under straight row practices, where as with 
the imposition of soil loss restrictions, they would move to conventional 
tillage contouring, then to conventional tillage-strip cropping and ter­
racing and finally to reduced tillage-contouring. The acreage under 
reduced tillage-straight row cropping would increase with the imposition 
of the soil loss restrictions. The conventional tillage-straight row 
farming would account for about 85% of the total cropped area under 
Model A where as under Model Bl, this would reduce to only 39%. The 
reduced tillage practices would account for less than 14% under Model 
A as compared to 37.37% under Model B. Acreage under conventional til­
lage-strip cropping and terracing would be about 15% under Model Bl, com­
pared to no acreage at all under Model A. This shift in farming practices 
resulted in a decrease of about 254.2 million tons of gross soil loss 
from the agricultural lands of Iowa. The shift away from the conventional 
tillage-straight row cropping would also result in increase in yield rates. 
Table 15. Acreages under conservation practices in Iowa.with 5 ton maximum 
soil loss and normal prices in 1985 (Model Bl)& 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(OOP acres) 
Iowa 10,554 2,288 4,085 6,111 3,294 697 
I, II 6,211 1,974 1,582 4,450 3,171 0 
HIE, IVE 3,756 0 2,436 1,172 123 697 
other III, IV 587 314 66 489 0 0 
V-VIII 0 0 0 0 0 0 
*For all cultivated crops including hay. 
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Besides fanning practices, the distribution of the acreage in 
different land classes would shift significantly with the imposition of 
the soil loss restrictions. Under Model A, 87% of the land in Classes I 
and II would be under conventional tillage practices. This would decrease 
to about 56% under Model Bl. Acreage under Classes I and II would be 
more evenly distributed between conventional tillage and reduced tillage 
under Model Bl. The distribution of more erosive lands (Classes IIIE 
and IVE) would be more significant. The proportion of land in these land 
classes farmed under straight row practices would decrease from 82% under 
Model A to less than 46% under Model Bl. About 19% of the acreage in 
these land classes would be farmed under conventional tillage-strip crop 
and terracing practices under Model Bl as compared to none under Model 
A. 
As a result of the shifts in production patterns and farming 
practices, the soil loss from the agricultural lands in Iowa would be 
reduced from 362 million tons per year under unrestricted soil loss 
alternative to less than 108 million tons per year under Model Bl, Table 
16. About 33% of the total soil loss would come from Classes I and II 
under Model A as con^ared to 69% of the total soil loss under Model Bl. 
Eventhough the proportion of the soil loss from the Classes I and II 
land more than doubled, the actual quantity of soil eroded from these 
classes decreased from 122 million tons per year (Model A) to 75 million 
tons (Model Bl). The most significant decrease in soil loss would be 
observed on Classes IIIE and IVE. These land classes would contribute 
Table 16. Erosion under conservation practices in Iowa with 5 ton maximum 
soil loss and normal prices in 1985 (Model Bl)& 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(OOP tons) 
Iowa 45,987 9,874 13,025 22,622 12,799 3,405 
I, II 30,996 8,829 5,823 17,017 12,272 0 
HIE, IVE 12,070 0 6,997 4,002 527 3,405 
other III, IV 2,921 1,035 206 1,603 0 0 
V-VIII 0 0 0 0 0 0 
^For all cultivated crops including rotation hay. 
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to over 231 million tons of soil eroded annually under restricted 
alternative, where as under Model B1 these two land classes would account 
for only about 27 million tons. 
As a result of the 5 ton maximum allowable soil loss restriction, 
the income to the agricultural sector in Iowa decreased from $2,019 
million to $1,964 million, a decrease of about 3%, Table 17. The income 
of the farming sector in the rest of the country would increase by about 
$63 million. The rental value of cultivated land in Iowa would decrease 
by about $81 million. The marginal value product of land would decrease 
by 7.12%, Table 18. The highest decrease in the shadow price of land 
would be on Class IIIE and IVE where the decrease is about 16%. These 
land classes are more erosion prone, as indicated by the soil erosion 
hazard characteristic 'E.' The use of these land classes would decrease 
by over 3%, accounting for almost the entire reduction in the area under 
crops in Iowa. 
The total cost of producing the crop output in the state would 
increase by about 5% to $1,756 million. At the same time the cost of 
producing the crop output in the rest of the country would decrease by 
$99 million. Increase in machinery and labor costs accounted for 
about $20 million in the state. This increase in the costs of labor 
and machinery could be attributed to the shifts in tillage and conserva­
tion practices which would result in decreased soil loss. 
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Table 17. Net income and cost of production in Iowa and the 
rest of the country under different soil loss 
limits with normal prices in 1985. 
A B1 B2 
($ million) 
Iowa 
Cost of production 
crops 
livestock^ 
Net income 
% of A 
Rest of the country 
Cost of production 
crops 
livestock^ 
Net income 
% of A 
1,677 1,756 1,812 
4,459 4,727 4,050 
2,019 1,964 1,890 
100.0 97.27 94.08 
18,005 17,906 17,892 
32,582 32,234 32,809 
17,791 17,854 17,887 
100.0 100.35 100.54 
&Cost of production of livestock is adjusted for the value of nitrogen 
fertilizer equivalent obtained from the livestock wastes. 
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Table 18. Shadow price (rental value) of land by land class 
in Iowa under different soil loss restriction 
with normal prices in 1985 
Zone and land class A B1 B2 
($/acre) 
Iowa 38.61 35.86 29.92 
I, II 44.26 42.40 38.80 
HIE, IVE 30.67 25.77 13.83 
other III, IV 16.69 14.46 12.10 
V-VIII 0 0 0 
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Production Patterns with 2.5 Ton Maximum Soil 
Loss in Iowa (Model B2) 
In Model B2, the maximum allowable soil loss per acre per year is 
reduced to 2.5 tons from 5 tons, as in Model Bl. As a result in the 
reduction of the soil loss levels,, there would be marked changes in the 
production patterns and farming practices resulting in much reduced 
quantities of soil eroded annually. Model B2 would result in increased 
yields, decreased land use and increase in feed grain production. The 
major changes would be decrease in gross soil loss and shifts in farming 
practices. 
Production pattern 
Under the conditions of Model B2, the com acreage would increase 
by 730 thousand acres (over 7%) as compared to Model A, Table 19. This 
increase would be brought about by a corresponding decrease in sorghum 
silage. The acreage under oats would decrease by 44%, to 492 thousand 
acres. As a result, the total cropped area in Iowa would decrease by 
about 357 thousand acres. The production of feed grains in Iowa would 
increase by 103 million bushels. This increase would be mainly due to 
the increase in yield rates of com (from 114.3 bushels per acre to 
118.9 bushels per acre) and increase in com acreage. Com production 
would account for 134 million bushels alone. The production of oilmeals 
also increased by about 7%, compared to Model A. These yield increases 
are brought about by the better management practices as reflected in the 
shifts in farming practices. 
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Table 19. Acreage, production and yield of crops in Iowa with 
2.5 ton maximum soil loss and normal prices in 1985 
. (Model B2) 
Area Production Yield 
(000 acres) (000 bu.) (bu./acre) 
Com 10,973 1,305,815 118.9 
Oats 492 35,748 72.5 
Sorghum 465 34,903 74.9 
Soybeans^ 7,140 136,813 40.6 
Wheat 336 18,984 56.3 
^Production of soybeans is in terms of oilmeal (cwt). 
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Soil Loss 
Under unlimited soil loss alternative, the gross soil loss from the 
agricultural lands in Iowa would be about 362 million tons per year. 
This soil loss would decrease to 60 million tons, (Table 21) compared to 
108 million tons of soil eroded under the 5 ton soil loss alternative. 
Class I and II lands would account for 62% of the gross soil loss com­
pared to 33% under Model A and 69% under Model Bl. In other words. 
Class I and II lands still contribute to a large portion of the soil 
loss. But, the actual quantity of soil loss from these land classes 
would be only 39 million tons, compared to 75 million tons under Model 
Bl. Soil loss from the more erosive land classes, HIE and IVE would 
decrease from 27 million tons under 5 ton alternative to 19 million tons 
under Model B2. The reason for this 31% reduction from these land classes 
will be evident when we discuss the shifts in fanning practices. As a 
result of the reduced soil loss limit in Iowa (from 5 tons to 2.5 tons 
per acre), the soil loss in the rest of the country would increase by 
about 81 million tons. This is the result of increased use of more 
erosive lands (Classes HIE and IVE land) under conventional tillage-
straight row farming practices (an increase of 3 million acres under 
Model B2 as compared to Model Bl). This situation indicates that a 
reduction of 47 million tons of soil lost annualy from Iowa would be 
more than off-set by the increase in the rest of the country. It follows 
from this result that, if the rest of the country would not follow the 
example of Iowa in enacting the land conservation policies, it would 
Table 20. Acreages under conservation practices in Iowa with 2.5 ton 
maximum soil loss and normal prices in 1985 (Model B2)& 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(OOP acres) 
Iowa 4,487 4,156 7,098 4,236 3,254 3,609 
I, II 2,269 4,153 3,345 2,237 2,213 3,171 
HIE, IVE 1,715 0 3,440 1,999 468 438 
other III, IV 503 2 312 0 572 0 
V-VIII 0 0 0 0 0 0 
®For all cultivated crops including rotation hay. 
Table 21. Erosion under conservation practices in Iowa with 2.5 ton maximum 
soil loss and normal prices in 1985 (Model B2)^ 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 tons) 
Iowa 10,567 10,306 13,664 10,419 6,555 8,618 
I, II 5,602 10,302 4,793 5,512 4,759 7,633 
HIE, IVE 3,715 0 8,362 4,907 857 1,085 
other III, IV 1,251 4 508 0 939 0 
V-VIII 0 0 0 0 0 0 
®For all cultivated crops including rotation hay. 
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result in more soil being lost from the agricultural lands, with the 
decrease in the productivity of land and increased pollution in the 
country's rivers and streams. 
Farming practices 
The reduction in the maximum allowable soil loss per acre from 5 
tons to 2.5 tons would shift the farming practices to more soil con­
serving practices, such as, contouring and strop cropping and terracing. 
Table 20. Under the 5 tons soil loss alternative, about 17 million acres 
would be farmed under straight row farming, accounting for about 62% of 
the total land under crops. This would be reduced to 8.7 million acres 
under Model B2, accounting for only 32% of the total cropped area. This 
would result in a reduction of soil loss from 50 million tons per year 
to 32 million tons from straight row farming alone. The total acreage 
cultivated under reduced tillage would remain almost the same, but the 
acreage under straight row cropping practices would decrease by about 2 
million acres with a corresponding increase under reduced tillage-strip 
cropping and terracing. As a result of this shift, the gross soil loss 
from reduced tillage practices would decrease by 13.6 million tons to 27 
million tons per year. There would be relatively little change in area 
under conventional tillage practices (a reduction of about one million 
acres). But, a shift away from the straight row cropping towards con­
touring and strip cropping and terracing would decrease the gross soil 
loss from 70 million tons to about 46 million tons per year. The most 
significant change in farming practices would be in strip crop and 
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terracing with an increase of 6 million acres under these fanning 
practices (an increase of about 124% compared to the 5 ton alternative). 
The land under Classes I and II would contribute to about 62% of 
the gross soil loss from the agricultural lands of Iowa, compared to 69% 
under Model B1 and 33% under Model A. But, the gross soil loss from 
these land classes would decrease from 75 million tons (Model Bl) to 
under 39 million tons (Model B2) per year. This reduction is mainly due 
to the better farming practices indicated by the shift towards contouring 
and strip cropping and terracing (Table 20). A more significant change 
in farming practices would be on more erosive land classes, IIIE and IVE, 
where the total area under reduced tillage practices would increase from 
2 million acres under Model Bl to 3 million acres under Model B2. This 
shift away from conventional tillage, especially conventional tillage-
straight row practices would result in a reduction of gross soil eroded 
from these land classes from 10 million tons per year under Model Bl to 
7.9 million tons per year under 2.5 ton soil loss alternative. 
The total cost of production of crops in the state of Iowa increased 
by $56 million as conç>ared to Bl and $135 million as compared to Model A, 
Table 17. This increase is mainly due to the shifts in farming practices. 
The machinery costs increased by about $15.8 million conçared to Model 
Bl. This increase in the machinery costs reflects the increased input 
of machinery required for the better farming practices. The component 
of other costs would also increase by about $1.5 million. The cost of 
production of livestock in Iowa would decrease to $4,050 million, a 
reduction of $677 million conçared to Bl. This reduction is due to the 
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shift of fed beef out of Iowa. As a result of this shift, the income 
from livestock production would decrease by $692 million. At the same 
time, the rented value of land in Iowa would go down by $166 million. 
The total cost of producing the total crop output in the rest of the 
country would decrease by $14 million as compared to Model B1 and by 
$113 million as compared to Model A. 
As a result of the reduction of maximum soil loss to 2.5 tons, 
the income of the agricultural sector in Iowa would decrease to $1,890 
million as compared to $2,019 million under unrestricted soil loss 
alternative. At the same time, the income of the farming sector in 
rest of the country would increase by $96 million to $17,887 million, 
compared to Model A. It is obvious that the rest of the country stands 
to gain from the conservation laws imposed in Iowa. Due to the imposi­
tion of the conservation laws, farming in Iowa would become more expensive 
and less profitable as compared to the rest of the country. The shifts 
towards more conservation oriented farming practices cost more and the 
resulting yield increases are not sufficient to offset the increase in 
cost of production. The marginal value product of land in Iowa decreased 
under 2.5 ton alternative to $29.92 from $38.86 under Model Bl, Table 18. 
The highest decrease in the shadow price of land would be on Classes IIIE 
and IVE with a decrease of about 46% (from $25.77 under Model Bl to 
$13.83 under Model B2). The relative unprofitability of farming in Iowa 
is reflected in the increased costs, decreased farm incomes and fall in 
the marginal value product of land. 
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Consumption, use and prices of agricultural products 
The internal consumption of agricultural products in Iowa would 
remain the same for all the three models. A, B1 and B2, since the con­
sumption of these commodities was exogenous to the model. At the same 
time, owing to the better farming practices, the yield rates would increase 
and the total production of some of the commodities would also increase. 
As a result, the food prices in Iowa would decrease slightly, as indicated 
in Table 22. The use of crop commodities as an input to the livestock 
would show a slight change. At the same time, the per capita cost of 
agricultural products would increase in the rest of the country, Table 
2 2 .  
The major concern in this section of the study is per acre soil 
loss. With the imposition of two different maximum allowable soil loss 
levels, the soil loss per acre would decrease accordingly as indicated 
in Tables 23, 24 and 25. Even though, the per acre soil loss levels are 
set at 5 tons and 2.5 tons, the actual amount of soil lost from the 
agricultural lands would be less than these limits. This reduction in 
soil loss would be obtained by the use of better soil management reflected 
by the use of better farming practices. The high erosive land classes, 
V-VIII were used to a minimum. Of the total available 638,000 acres under 
these land classes, none would be used in all the models. As the export 
levels are increased in the following sections, some of the land in these 
land classes would be brought into production. Under land group 9 (Table 
4) , there are no crop management systems available which would result in 
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Table 22. Shadow prices of agricultural commodities in Iowa 
under different soil loss limits with normal prices 
in 1985 
Shadow prices 
Commodity A B1 B2 
(in $) 
Corn 1.11 1.10 1.08 
Sorghum 1.46 1.46 1.44 
Barley 1.31 1.30 1.29 
Oats 0.54 0.53 0.53 
Wheat 1.17 1.16 1.14 
Oilmeal 3.70 3.66 3.54 
Cotton 91.60 95.73 92.23 
Sugar 9.60 9.61 9.60 
Pork 37.15 37.05 36.60 
Milk 4.92 4.91 4.89 
Feeders 260.61 259.02 257.56 
Beef 63.51 63.09 63.00 
Cost per capita 
Iowa 148.86 148.24 147.54 
U.S. 156.44 156.94 157.14 
Table 23. Erosion under conservation practices in Iowa with unrestricted 
soil loss limit and normal prices in 1985 (Model A)^ 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(Tons/acre) 
Iowa 14.81 7.35 7.85 3.49 0 7.90 
I, II 7.57 7.36 0 3.34 0 0 
HIE, IVE 32.50 0 7.85 3.90 0 7.90 
other III, IV 5.91 6.22 0 0 0 0 
V-VIII 0 0 0 0 0 0 
apor all cultivated crops including rotation hay. 
Table 24. Erosion under conservation practices in Iowa with 5 ton maximum 
soil loss and normal prices in 1985 (Model Bl)® 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(Tons/acre) 
Iowa 4.27 4.31 3.18 3.70 3.88 4.88 
I, II 4.99 4.47 3.68 3.82 3.87 0 
HIE, IVE 3.20 0 2.87 3.41 4.28 4.88 
other III, IV 4.97 3.29 3.12 3.27 0 0 
V-VIII 0 0 0 0 0 0 
®For all cultivated crops including rotation hay. 
Table 25. Erosion under conservation practices in Iowa witH 2.5 maximum 
soil loss and normal prices in 1985 (Model B2)& 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(Tons/acre) 
Iowa 2.35 2.47 1.92 2.45 2.01 2.38 
I, II 2.46 2.48 1.43 2.46 2.15 2.11 
HIE, IVE 2.16 0 2.43 2.45 1.83 2.47 
other III, IV 2.48 2 1.62 0 1.61 0 
V-VIII 0 0 0 0 0 0 
®For all cultivated crops including rotation hay. 
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less than 5 tons of soil loss per acre. As a result, land in this land 
group could never be brought into cultivation with the restrictions 
imposed on the models in this study. In the following section we deal 
with restrictions on the use of nitrogenous fertilizer and other chemi­
cals, along with the soil loss restrictions. 
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CHAPTER IV. TRADE-OFFS UNDER RESTRICTIONS ON THE USE OF 
NITROGEN AND OTHER CHEMICALS 
In the previous section, the effects of soil loss regulations were 
discussed. This section deals with a maximum allowable soil loss limit 
of 5 tons per acre per year and restrictions on use of nitrogen and 
other chemicals such as insecticides. Model D deals with 5 ton soil 
loss limit and the use of nitrogen restricted to 100 lbs. Restrictions 
on use of chemical pesticides is added to the above restraints in Model 
E. 
As described in chapter II, only the use of chemical fertilizers and 
livestock wastes providing nitrogen to the crops is restricted in con­
structing Model D. The crop sector is forced to use the livestock wastes 
as source of nitrogen. The farmers are free to use rotations with soy­
beans and legume hay to augment the nitrogen supply to the crops. The 
production of legume hay is bounded by an upper limit in each consuming 
region so as to prevent over production of legume hay which would, ulti­
mately, be fed to livestock. In the state of Iowa, the production of 
soybeans is also bounded by an upper limit so that too much oilmeal pro­
duction would not take place to augment the nitrogen supply. Besides 
these restrictions on legume hay and soybeans, the farmers are free to 
use any crop management system. The farmers are also free to purchase 
nitrogen fertilizers to supplement the nitrogen supply after using the 
livestock wastes as a source of this nutrient. In Models D and E, the 
quantity of nitrogen that could be purchased from the market is restricted 
to a maximum of 100 lbs. Whenever a crop management system uses more 
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than 100 lbs of nitrogen per acre, the use is restricted to 100 lbs and 
the yields are adjusted accordingly, as described in the Appendix 4. 
The interaction coefficients that connect the crop management activities 
with the fertilizer market are also adjusted. 
Production Patterns with Restrictions on the Use of Nitrogen 
The benchmark model (Model A) uses about 711.5 thousand tons of 
nitrogen in Iowa of which 348 thousand tons would be obtained from the 
livestock wastes. Table 29. The remaining quantity would be obtained 
from the nitrogen fertilizer market through chemical fertilizers. The 
quantity of nitrogen supplied by the legumes is not included in this, 
since, the nitrogen siqaplied by these crops is accounted for in calcu­
lating the nitrogen requirements of the crop management systems. Only 
the net requirement of the nitrogen fertilizer equivalent is entered 
into the interaction coefficients in the nitrogen balance restriction. 
So this interaction coefficient reflects the quantity of nitrogen ferti­
lizer equivalent required for a crop management system over and above the 
quantity supplied by the legumes, if any, in the crop management system. 
As a result of the restriction^ on the use of nitrogen fertilizer and 
5 ton soil loss, the total cropped acreage in Iowa would decrease by 542 
thousand acres. More than half of this reduction would come from Classes 
IIIE and IVE lands and the rest from other III and IV. Compared to Model 
B1 where the soil loss is the only restriction, the decrease in the 
cropped area would be about 300 thousand acres. In all these three 
models, the total area under Classes I and II land would remain almost 
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the same- The more erosive and less productive land would be taken out 
of production. The acreage under row crops would increase by about 1.3 
million acres, with a corresponding decrease in hay. 
Yield rates in Iowa would decrease slightly owing to the restriction 
on use of fertilizer. Table 26. Most of the com would be grown in rota­
tion with legumes and as a result, the decrease in com yields is not 
very significant. The highest reduction in yields would be seen in case 
of cats, where, the yield rates would decrease from 73.0 bu. per acre to 
71.1 bu. per acre. Part of the yield decrease resulted from the ferti­
lizer use limitation, would be condensated by better farming practices. 
About 80 percent of com grown under Model D would be grown under con­
touring and strip cropping and terracing. 
The com acreage would increase by about 1.3 million acres in 
Model D conçared to Model Bl. This increase would more than offset the 
slight reduction in yield producing a total of 1,314 million bushels 
against 1,162 million bushels produced under Model Bl. The production 
of oats in the state would increase by about 3% (2 million bushels) com­
pared to 69 million bushels under Bl. To achieve this increase in pro­
duction of oats, the acreage would have to be increased by 5.5% to off­
set the reduction in yield rates. The fertilizer restriction would not 
effect wheat, since what ever little amount of wheat grown would be 
grown In rotational combinations with legumes. But, the shift in farm­
ing practices would result in increased yield rates. This increase in 
yield rates would be partially offset by a reduction in acreage. 
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Table 26. Acreage, production and yield of crops in Iowa with 
5 ton maximum soil loss, 100 pounds of nitrogen 
and normal prices in 1985 (Model D) 
Area Production Yield 
(000 acres) (000 bu.) (bu./acre) 
Com 11,320 1,314,425 116.0 
Oats 1,001 71,314 71.1 
Sorghum 443 33,644 75.8 
Soybeans^ 6,417 120,447 39.7 
Wheat 298 16,374 54.9 
^Production of soybeans in terms of oilmeal (cwt) . 
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There would be a similar increase in the yield of soybeans from 39.6 bu. 
to 39.7 bu. per acre. 
Farming practices 
There would be a significant shift in farming practices resulting 
from the fertilizer use restriction. The cropped area farmed under 
straight row farming would decrease to 10.64 million acres compared to 
16.66 million acres under Model Bl, Table 27. This reduction in area 
under straight row farming would result in a decrease of 20 million tons 
of soil loss from straight row cropped acres alone. Table 28. 
With fertilizer restriction, the total cropped land in Iowa would 
decrease by 364 thousand acres compared to Model Bl. This reduction 
comes entirely from Classes III and IV land. Area under row crops would 
increase from 22.098 million acres to 23.400 million acres, with a cor­
responding reduction in area under hay. 
Use of nitrogen fertilizer 
The total use of nitrogen by crops under unrestricted model 
would be 711.5 thousand tons. Table 29. This quantity includes only the 
amount of nitrogen fertilizer equivalent from the livestock wastes and 
the quantity of nitrogen from chemical fertilizer purchased. In other 
words, this quantity does not include the amount of nitrogen supple­
mented by the legume crops. If all the crops were grown in rotation 
with legumes, very little fertilizer nitrogen needs to be applied to 
supplement the nitrogen requirement and the total use of nitrogen would 
Table 27. Acreages under conservation practices in Iowa with 5 ton maximum 
soil loss, 100 pounds of nitrogen and normal prices in 1985 
(Model D)^ 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 acres) 
Iowa 8,647 4,499 4,301 1,993 3,171 4,053 
I, II 7,158 4,187 1,583 1,289 3,171 0 
HIE, IVE 586 0 2,717 704 0 4,053 
other III, IV 903 312 0 0 0 0 
V-VIII 0 0 0 0 0 0 
^All cultivated crops including rotation hay. 
Table 28. Erosion under conservation practices in Iowa with 5 ton maximum 
soil loss, 100 pounds of nitrogen and normal prices in 1985 
(Model D)® 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 tons) 
Iowa 41,159 17,097 13,626 7,911 12,272 20,256 
I, 11 34,560 16,077 5,827 6,405 12,272 0 
HIE, IVE 2,901 0 7,799 1,506 0 20,256 
other III, IV 3,698 1,020 0 0 0 0 
V-VIII 0 0 0 0 0 0 
®A11 cultivated crops including rotation hay. 
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Table 29. Nitrogen fertilizer use in Iowa under different 
models 
B1 D E B2 
(OOP tons) 
N used by crops 711.5 703.5 637.0 509-0 777.0 
N from livestock 348.0 359.5 344.5 359.0 334.0 
N purchased 363.5 344.0 292.5 150.0 443.0 
N use per acre& 60.37 60.17 51.52 43.41 67.00 
(lbs./acre) 
^Includes row crops and close grown crops only. 
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have been very low. But, this would not be the case, because the 
production of legumes is restricted by an vçper bound. About half of 
the total nitrogen used by crops would be obtained from livestock wastes 
under Model A. Under Model Bl, which is more comparable to D, the total 
quantity of nitrogen used by crops would be about 703.5 thousand tons. A 
little over 50% of the total nitrogen fertilizer equivalent used would 
be obtained from livestock wastes. But, still 344 thousand tons of 
nitrogen from chemical fertilizer would have to be applied to the crops 
to meet the requirements of Iowa. The per acre application of nitrogen 
in Iowa would decrease from 60.37 lbs. under Model A to 60.17 lbs. under 
Model Bl, a relatively insignificant reduction. 
With the imposition of limits on the application of nitrogen, the 
total quantity of nitrogen fertilizer equivalent used by crops would 
decrease to 637 thousand tons, over 10% decrease, conçared to A. The 
decrease in the quantity of nitrogen from chemical fertilizers purchased 
would be even more significant. The purchased component of the nitrogen 
would decrease to 292.5 thousand tons, a decrease of about 20%. Since, 
the demand requirements of these models (A, Bl and D) are about the 
same, it is evident that most of the crops grown under conditions of D 
would be grown in rotation with legume crops, which supplement the 
nitrogen requirements of the crops. This is also reflected in the per 
acre use of nitrogen fertilizer equivalent. Even though the total 
quantity of nitrogen used by crops would decrease by about 15% (60.37 
lbs. per acre under Model A compared to only 51.52 lbs. per acre under 
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Model D, the quantity of nitrogen fertilizer equivalent supplied by the 
livestock wastes would remain almost the same in all the models (349.0, 
359.5 and 344.5 thousand tons under Models A, Bl, and D, respectively). 
Production Patterns with Restrictions on the Use of 
Nitrogen and Chemical Pesticides 
In this section, the use of chemical fertilizers and pesticides is 
limited. The use of nitrogen fertilizer is restricted at the same level 
as in the previous section. The use of pesticides is limited to organo-
phosphates and carbomates, since these chemicals are bio-degradable and 
these do not cause any significant pollution. The yields and cost com­
ponents are adjusted to reflect the limited use of these chemicals. 
The acreage under coim would decrease as a result of these 
restrictions on the use of chemicals from 11,320 thousand acres under D 
to 10,032 thousand acres under Model E, Table 30. There would be a 
slight increase in area under wheat, sorghum and soybeans. This increase, 
coupled with the significant increase in hay, would result in an increase 
in the total area harvested. There would be a significant decrease in 
the yield rates also. The com yields would decrease to 115.0 bu. per 
acres, compared to 116.1 bu. per acre under Model D. Similar decreases 
in yield rates would be observed for wheat, soybeans and sor^ian silage. 
Because of the reduction in the yield rates, more number of acres, 
would have to be brought in production under Model E. The total area 
under crops would increase from 32,020 thousand acres under Model D to 
32,384 thousand acres under tfodel E. As a result, the shadow prices 
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Table 30. Acreage, production and yield of crops in Iowa with 5 
ton maximum soil loss, 100 pounds nitrogen, restricted 
pesticide use and normal prices (Model E) 
Area Production Yield 
(000 acres) (000 bu.) (bu./acre) 
Com 10,032 • 1,154,179 115.0 
Oats 931 68,243 73.2 
Sorghum 466 35,410 75.8 
Soybeans^ 6,927 129,535 39.6 
Wheat 336 • 17,966 53.3 
^Production of soybeans in terms of oilmeal (cwt) . 
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of land would go up, increasing the value of land in Iowa, Table 34. 
îfost of the increase in area under crops would come from classes III and 
IV land. 
The cropped area under Classes I and II land would remain almost 
the same in Models D and E. A higher proportion of Classes IIIE and 
IVE land would be farmed under straight row farming compared to Model D 
(60% under Model E against only 16% under Model D) . The total acreage 
under reduced tillage practices would decrease to 8,825 thousand acres 
compared to 9,217 thousand acres under Model D, Table 31. Most of this 
decrease would be attributed to the shift in farming practices on Classes 
IIIE and IVE land. This shift partly would be reflected in reduction 
of cost of production of crops under Model E. The acreage under other 
III and IV land classes would increase by 240 thousand acres, from 1,215 " 
thousand acres under Model D (about 20% increase). Most of this increase 
would be under reduced tillage practices. The net result of these shifts 
would be that the gross soil loss from the agricultural lands of Iowa 
would decrease by 3.5 million tons under Model E, Table 32. 
The total cost of production of crops would decrease from $1.8 
million under Model D to $1.7 million under Model E, Table 34. Most of 
this decrease comes from the reduction in the use of chemical pesticides. 
At the same time, cost of machinery and labor would also decrease, 
because, some of these resources would have to be used for the applica­
tion of the chemical pesticides. The use of nitrogen fertilizers would 
also decrease. The total quantity of nitrogen used would decrease to 
Table 31. Acreages under conservation practices in Iowa with 5 ton maximum 
soil loss, 100 pounds nitrogen and restricted use of chemical 
pesticides in 1985 (Model E)® 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 acres) 
Iowa 11,848 2,288 4,068 4,834 3,294 697 
I, II 7,572 1,974 1,582 3,089 3,171 0 
HIE, IVE 3,773 0 2,419 1,172 123 697 
other III, IV 503 314 66 572 0 0 
V-VIII 0 0 0 0 0 0 
*For all cultivated crops including rotation hay. 
Table 32. Erosion under conservation practices in Iowa with 5 ton maximum 
soil loss, 100 pounds nitrogen and restricted use of chemical 
pesticides in 1985 (Model E)^ 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 tons) 
Iowa 48,409 9,874 12,977 21,286 12,799 3,465 
I, II 33,796 8,839 5,823 15,405 12,272 0 
HIE, IVE 12,103 0 6,249 4,002 527 3,465 
other III, IV 2,510 1,035 206 1,879 0 0 
V-VIII 0 0 0 0 0 0 
BPor all cultivated crops including rotation hay. 
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509 thousand tons under Model E, Table 29. Only about 30% of the 
total nitrogen used would be obtained from the chemical fertilizers. 
The nitrogen fertilizer equivalent applied per acre would decrease to 
43.41 pounds per acre, compared to 51.52 pounds per acre under Model D. 
Farm incomes and prices 
As a result of the restrictions on the use of nitrogen fertilizers 
and chemical pesticides, the income of the farming sector in Iowa would 
be adversely affected. As already stated, the cost of producing crops 
would decrease in the state of Iowa, as a result of these environmental 
restrictions. But, the reduction in yields and production, would be 
more compared to the cost reductions. The net result would be that, the 
income of farming sector in the State would decrease significantly. 
Table 33. The farm income in Iowa would decrease to $1,913 million 
under Model D, from $2,019 under Model A. At the same time, the income 
for the farming sector in the rest of the country would increase to 
$18,461 million against $17,791 million under the unrestricted model, 
an increase of $670 million. Compared to the decrease of $106 million to 
the farmers in Iowa, the rest of the country would gain more than what 
Iowa farmers would loose. The reduction in the incomes of Iowa farmers 
would be more significant with the imposition of restrictions on the 
use of chemical pesticides. The reduction would be to $1,882 million 
under Model E, con^ared to $2,091 million (a reduction of about 7%) 
under the unrestricted model. The gains to the rest of the country 
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Table 33. Net income and cost of production in Iowa and the rest 
of the country under different models with normal 
prices in 1985 
A D E 
($ million) 
Iowa 
Cost of production 6,136 6,191 6,468 
crops 1,677 1,813 1,741 
livestock^ 4,459 4,378 4,727 
Net income 2,019 1,913 1,882 
% of A 100.00 94.73 93.23 
of the country 
Cost of production 50,587 50,747 50,182 
crops 18,005 17,944 17,921 
livestock^ 32,582 32,803 32,261 
Net income 17,791 18,461 17,947 
% of A 100.00 103.76 100.8 
^Cost of production of livestock is adjusted for the value of nitrogen 
fertilizer equivalent obtained from livestock wastes. 
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Table 34. Shadow price (rental value) of land by land class in 
Iowa under different models in 1985 
Zone and land class ^ ® 
($/acre) 
Iowa 38.61 25.26 36.21 
I, II 44.26 31.81 42.63 
HIE, IVE 30.67 13.97 26.29 
other III, IV -16.69 6.91 15.35 
V-VIII 0 0 0 
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would not be as high as under Model D. The increase in the income of 
the agricultural sector in the rest of the country would be only $156 
million, compared to $137 million reduction in the income of Iowa 
farmers. 
One reason for the relatively insignificant increase in the net 
incomes in the rest of the country could be that the equilibrium prices 
in Iowa would increase, especially in the case of com. Table 37. This 
increase in the prices could be attributed to the decrease in the pro­
duction of com and other crops owing to the fall in the yield rates. 
Another sector effected by these environmental controls would be the 
consumer sector. The cost per capita in Iowa would increase from 
$148.24 under Model B1 to $148.46 under Model E and $148.61 under Model 
D. This change in cost per capita is relatively insignificant. The 
reduction in farm income of the rest of the country between Models D 
and E could be attributed to reduction prices resulting from increased 
production. This decreasê in prices is reflected in cost per capita. 
The decrease in income of the farming sector and the value of land 
indicates that the farming in Iowa under various environmental restrictions 
would be more and more unprofitable. The reduction in the value of 
marginal, less productive and more erosion prone land is more 
significant. 
The per acre soil loss would vary from 4.99 tons to 2.14 tons in 
Iowa under Model D, and from 4.99 tons to 2.87 tons under Model E, 
Tables 35, 36. In both the models, the highest per acre soil loss would 
Table 35. Erosion under conservation practices In Iowa with 5 tons maximum g 
soil loss, 100 pounds nitrogen and normal prices in 1985 (Model D) 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil loss row only terrace row only terrace 
(tons/acre) 
Iowa 4.76 3.80 3.17 3.97 3.87 4.99 
I, II 4.83 3.85 3.68 4.97 3.87 0 
HIE, IVE 4.95 0 2.87 3.14 0 4.99 
other III, IV 4.09 3.27 0 0 0 0 
V-VIII 0 0 0 0 0 0 
*For all cultivated crops including rotation hay. 
Table 36. Erosion under conservation practices in Iowa with 5 ton maximum 
soil loss, 100 pounds nitrogen, restriction on chemical pesticides 
and normal prices in 1985 (Model E)® 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S, crop and 
Zone and soil loss row only terrace row only terrace 
(tons/acre) 
Iowa 4.08 4.31 3.19 4.40 3.88 4.88 
I, II 4.46 4.47 3.67 4.98 3.86 0 
HIE, IVE 3.20 0 2.87 3.41 . 4.27 4.88 
other III, IV 4.99 3.29 3.11 3.28 0 0 
V-VIII 0 0 0 0 0 0 
^For all cultivated crops including rotation hay. 
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Table 37. Shadow prices of agricultural commodities in Iowa with 
restrictions on the use of nitrogen fertilizer, 
pesticides and 5 ton maximum soil loss limit in 1985 
Shadow prices 
Commodity B1 D E 
(in $) 
Com 1.10 1.12 1.12 
Sorghum 1.46 1.45 1.46 
Barley 1.30 1.30 1.30 
Oats 0.53 0.54 0.53 
Wheat 1.16 1.16 1.16 
Oilmeal 3.66 3.77 3.67 
Cotton 95.73 90.83 95.67 
Sugar 9.61 9.61 9.61 
Pork 37.05 36.94 37.08 
Milk 4.91 4.89 4.91 
Feeders 259.02 261.00 259.35 
Beef 63.09 63.59 63.21 
Cost per capita 
Iowa 148.24 148.61 148.46 
U.S. 156.94 159.47 156.98 
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be on Classes IIIE and IVE land. The total effect of these environmental 
restrictions could be summarized as reduction in land values, net income 
and, of course, reduced soil loss and water pollution through the use of 
nitrogen fertilizer and chemical pesticides. In the following chapter, 
the various effects of high exports and high prices will be discussed. 
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CHAPTER V. TRADE OFFS UNDER INCREASED EXPORT LEVELS 
WITH ENVIRONMENTAL RESTRICTIONS 
In the previous chapters, the effects of various environmental 
restrictions with normal prices and export levels were discussed. The 
effects of increased exports with the resulting high prices will be 
analyzed in this section. In the first two models (C and F), very high 
exports with various environmental controls will be considered. The first 
of these two models (Model C) deals with high exports and 5 ton maximum 
allowable soil loss in Iowa. The second model (Model F) deals with 
additional restrictions on the use of nitrogén and pesticides. There 
are no upper bounds on the production of soybeans and legume hay. The 
third and fourth models deal with medium level of exports and high 
prices. In the third model (Model Gl), no environmental restrictions 
are considered. The only restrictions on this model are that the pro­
duction of soybeans and legume hay are bounded by an upper limit. The 
fourth model (Model G2) is same as Model Gl with added environmental 
restrictions. The price levels and the domestic demand are held at the 
same level in all these four models. Under the assumptions of Models C 
and F, relatively very high proportion of land in Iowa is being allocated 
to com. Subsequently, this com acreage is limited to a maximum of 1.5 
million acres under Models Gl and G2. The net export levels for each of 
these models was given in Table 3. 
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Production Patterns with High Export Levels and 5 Ton 
Maximum Soil Loss Limit (Model C) 
Model C uses very high export levels, about 4 times the 1969-71 
levels. As a result it was expected that the domestic prices of agri­
cultural commodities would also be very high. These high prices are 
used to estimate the per capita domestic demand of agricultural commodi­
ties . So the quantities demanded are considerably lower than those in 
models using normal prices (Models A, Bl, B2, D and E) . The export levels 
are such that the entire land base of United States would be almost 
exhausted. As a matter of fact, over 96% of the total available land 
in the country would be under crops in Models C and F. 
Land use patterns 
The land use pattern suggests that very little amount of surplus 
land would be available under Model C. The quantity of idled land in the 
country would decrease to 14,992 thousand acres (about 78% decrease com­
pared to Model A) . The land under Classes I and II would increase to 
188 million acres compared to 183 million acres under Model A, even 
though the proportion of these lands would decrease from 60% under 
Model A to 53% under Model C, Table 38. This reduction in the contri­
bution of these land classes is expected because most of this land was 
utilized under Model A. There would be about 36% increase under other 
III and IV land classes, resulting in a proportion of 19% of the total 
land used. Similar increase would be seen in the Classes V-VIII land 
(an increase of over 88% compared to Model A) . The area under row crops 
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Table 38. Dryland acreages in major zones with 5 ton maximum 
soil loss and high prices in 1985 (Model C) 
Close All 
Other^ Zone and soil class Row grown hayS Pasture Total 
(000 acres) 
Iowa 26,661 377 987 5,245 3 33,273 
I, II 17,132 117 230 0 2 17,481 
HIE, IVE 8,064 244 723 0 1 9,032 
other III, IV 1,457 15 30 0 0 1,502 
V-VIII 8 1 4 0 0 13 
Atlantic 26,724 2,726 4,188 47,899 1,785 83,322 
I, II 17,003 1,237 1,439 0 369 20,048 
HIE, IVE 3,743 1,174 1,737 0 152 6,806 
other III, IV 5,873 304 997 0 1,104 8,278 
V-VIII 105 11 15 0 160 291 
North Central 87,366 19,851 10,149 47,990 255 165,611 
I, II 66,192 11,563 4,443 0 87 82,285 
HIE, IVE 10,901 3,411 3,541 0 66 17,919 
other III, IV 10,146 4,693 1,633 0 79 16,551 
V-VIII 127 184 532 0 23 866 
South Central 53,154 21,215 9,914 172,234 1,297 257,814 
1, II 25,209 8,703 2,346 0 688 36,946 
HIE, IVE 10,934 8,857 4,679 0 551 25,021 
other HI, IV 16,974 3,397 2,542 0 30 22,944 
V-VIII 36 258 347 0 28 66.9 
Great Plains 13,733 28,745 14,656 190,184 4,019 251,337 
I, 11 7,674 8,420 7,853 0 1,029 24,976 
HIE, IVE 4,544 14,606 4,601 0 2,167 25,918 
other III, IV 1,477 5,349 1,228 0 647 8,701 
V-VIII 38 370 974 0 176 1,558 
North West 282 7,645 2,121 48,243 199 58,490 
I, H 64 1,039 771 0 36 1,910 
HIE, IVE 104 4,791 607 0 95 5,597 
other HI, IV 69 1,804 720 0 55 2,648 
V-VIII 45 11 23 0 13 92 
South West 10,955 2,777 808 123,697 277 138,514 
I, H 2,960 796 82 0 107 3,945 
HIE, IVE 3,963 868 505 0 72 5,408 
other HI, IV 3,758 929 221 0 89 4,997 
V-VIII 274 184 0 0 9 467 
United States 218,875 83,336 42,823 635,492 7,835 988,361 
I, II 136,234 31,875 17,164 0 2,318 187,591 
HIE, IVE 42,253 33,951 16,393 0 3,104 95,701 
other III, IV 39,755 16,491 7,371 0 2,004 65,621 
V-VIII 633 1,019 1,895 0 409 3,956 
^Including other hay and cropland pasture. 
^Summer fallow lands and orchards and vineyards. 
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would increase to 219 million acres under Model C, and increase of 30% 
compared to Model A. There would be a similar increase in close grown 
crops, to 833 million acres or about 21% increase. Area under all hay 
would decrease by about 27%. 
Land under row and close grown crops would increase by about 19 
million acres under Model C, compared to Model A. A little over 5 mil­
lion acres of this increase would come from the land that would be 
idle under Model A. The rest would come from all hay. The total area 
under row and close grown crops would increase to 302 million acres or 
an increase to 30% of the total cropped area compared to 25% under Model 
A. Though the total area under row crops in Classes I and II land 
increased, the contribution of these land classes would decrease to 62% 
against 68% under Model A. This reduction in the proportion of these 
land classes would be more than compensated by Classes III and IV lands, 
where the proportion of area under row crops would increase from 15% 
to 19% for classes HIE and IVE and from 16% to 18% for other III, IV 
classes, under Models A and C, respectively. The contribution of the 
high quality land (Classes I and II) to row and close grown crops would 
increase from 81% under Model A to 89% under Model C. In other words, 
the crop products whose export levels were expanded would be shifted to 
high quality land. 
The irrigated area under crops in the country would increase by 
about 1 million acres. Table 39. All of this increase would go into 
row crops. In addition to this increase, some of the land would be 
shifted from close grown crops and hay to row crops. As a result, the 
130 
Table 39. Irrigated acreages in major zones with 5 ton maximum 
,soil loss and high prices in 1985 (Model C) 
Zone and soil class Row 
Close 
grown 
All 
hay* 
(000 
Pasture 
acres) 
Otherb Total 
Iowa 12 0 23 0 0 35 
I, II 12 0 10 0 0 22 
HIE, IVE 0 0 2 0 0 2 
other III, IV 0 0 11 0 0 11 
V-VIII • 0 0 0 0 0 0 
Atlantic 0 0 0 0 0 0 
I, II 0 0 0 0 0 0 
HIE, IVE 0 0 0 0 0 0 
other III, IV 0 0 0 0 0 0 
V-VIII 0 0 0 0 0 0 
North Central 0 0 443 0 0 443 
I, II 0 0 336 0 0 336 
HIE, IVE 0 0 2 0 0 2 
other III, IV 0 0 105 0 0 105 
V-VIII 0 0 0 0 0 0 
South Central 2,462 600 178 198 87 3,525 
I, II 1,418 255 134 0 86 1,893 
HIE, IVE 270 31 42 0 1 344 
other HI, IV 774 313 2 0 0 1,089 
V-VIII 0 1 0 0 0 1 
Great Plains 5,609 1,130 2,163 5,394 214 14,510 
I, II 4,254 654 1,398 0 11 6,317 
HIE, IVE 916 246 • 301 0 199 1,662 
other III, IV 431 227 457 0 3 1,118 
V-VIII 8 • 3 7 0 1 19 
North West 1,901 1,773 2,975 2,366 680 9,695 
I, H 1,199 621 1,299 0 395 3,514 
HIE, IVE 345 338 469 0 108 1,260 
other III, IV 345 763 1,114 0 164 2,386 
V-VIII 12 51 93 0 13 169 
South West 3,910 991 763 1,545 817 8,026 
I, II 2,793 157 479 0 449 3,878 
HIE, IVE 180 102 179 0 93 554 
other HI, IV 934 732 105 0 264 2,035 
V-VIII 3 0 0 0 11 14 
United States 13,894 4,494 6,545 9,503 1,798 36,234 
I, H 9,676 1,687 3,656 0 941 15,960 
HIE, IVE 1,711 717 995 0 401 3,824 
other HI, IV 2,484 2,035 1,794 0 431 6,744 
V-VIII 23 55 ICQ 0 25 203 
^Including other hay and cropland pasture. 
Summer fallow lands and orchards and vineyards. 
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total irrigated area under row crops would increase by about 2.5 million 
acres, compared to Model A. About 59% of the total irrigated land, ex­
cluding pasture, would be on Class I and II land (about the same propor­
tion as in 1967) compared to 61% under Model A. 
Regional land use patterns 
The dry land acreages would increase in all regions under Model C. 
In Iowa, the increase would be about 711 thousand acres- The highest 
increase would be in the North Central region with over 16 million acres. 
The regional distribution of row crops is shown in Figure 15. The next 
highest would be in Atlantic region with about 10 million acres. The 
close grown crops would still be concentrated in the three regions, 
namely. North Central, South Central and Great Plains, Figure 16. The 
concentration in the Great Plains region would increase from 31.57% under 
Model A to 34.5% under Model C. There would be a slight increase in the 
contribution of South Central region to close grown crops, to over 25% 
compared to 24.84% under Model A. There would be a corresponding decrease 
in the North Central region, compensating for the increases in Great 
Plains and South Central. The irrigated area would increase in all regions 
under Model C. The proportional contribution of all the regions would 
more or less remain the same under this model. The regional distribution 
of all hay is shown in Figure 17. 
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Figure 15. Location of dryland and irrigated row crops in 1985 under 5 ton maximum soil 
loss restriction in Iowa and high exports (Model C) 
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Figure 16. Location of dryland and irrigated close grown crops in 1985 under 5 ton 
maximum soil loss restriction in Iowa and high exports (Model C) 
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Distribution of idled lands 
As already stated, the total quantity of land idled would decrease 
to 14 million acres in this model compared to 64 million acres under 
Model A, Table 40. The highest concentration of these idled lands would 
still be in North Central region (Figure 18), but there would be only 
about 4 million acres idled, compared to 21 million acres under Model A. 
Only 0.21% of the high productive classes, (I and II) would be idled. 
About 71% of the idled land would be on Classes V—VIII compared to 18% 
under Model A. Of the 47.6 million acres idled under Classes III and IV 
land in Model A, 44 million acres would be brought into production under 
Model C. As a result, the amount of idled land in these land classes 
would be only about 3.6 million acres. Consequently, the yield rates in 
the country would decrease. Of the 1.9 million more acres brought into 
cultivation on V-VIII land classes in the country, only 13 thousand 
acres would come from Iowa. This would be because of the soil loss 
restriction imposed in Iowa, and these land classes are highly suscepti­
ble to erosion. 
Farming practices in Iowa 
There would be significant shifts in farming practices in Iowa 
under Model C. These shifts would be mainly towards strip cropping and 
terracing. One reason for this shift would be that, the soil loss per 
acre under these practices would be less. Another factor would be that, 
yield rates would be higher under these practices. With high export 
levels, the agricultural sector needs to produce more with the given 
= 500,000 acres 
Figure 18. Location of unused cultivated land in 1985 under 5 ton maximum soil loss 
restriction in Iowa and high exports (Model C) 
137 
Table 40. Crop land utilization in major zones with 5 ton maximum 
soil loss and high prices in 1985 (Model C) 
Zone and soil class 
Available land& Unused cropland 
Dry Irrig. Dry Irrig. 
(000 acres) 
Total 
Iowa 28,512 35 625 0 625 
I. II 17,367 22 0 0 0 
HIE, IVE 9,014 2 0 0 0 
other III, IV 1,493 11 0 0 0 
V-VIII 638 0 625 0 625 
Atlantic 32,745 0 2,841 0 2,841 
I, II 17,562 0 0 0 0 
HIE, IVE 6,939 0 698 0 698 
other III, IV 6,674 0 591 0 591 
V-VIII 1,570 0 1,552 0 1,552 
North Central 118,162 446 4,132 0 4,132 
I, II 80,605 336 747 0 747 
HIE, IVE 18,343 2 812 0 812 
other III, IV 16,053 108 203 0 203 
V-VIII 3:161 0 2,370 0 2,370 
South Central 85 , 427 3,734 3,392 157 3,549 
I, II 35,147 2,458 210 61 271 
HIE, IVE 24,932 388 421 0 421 
other III, IV 22,366 879 385 91 476 
V-VIII 2,982 9 2,376 5 2,381 
Great Plains 61,651 9.795 3,753 227 3,980 
I, II 23,876 6,028 0 0 0 
HIE, IVE 26,145 1,989 1,292 144 1,436 
other III, IV 7,717 1,688 1 20 21 
V-VIII 3,913 90 2,460 63 2,523 
North West 9,428 5,884 353 0 353 
I, II 1,538 2,781 0 0 0 
HIE, IVE 5,188 1,066 0 0 0 
other III, IV 2,328 1,893 0 0 0 
V-VIII 374 144 353 0 353 
South West 10,451 9,543 371 371 742 
I, II 470 6,482 0 328 328 
HIE, IVE 4,628 1.321 179 12 191 
other III, IV 4,785 1,677 19 14 33 
V-VIII 568 63 173 17 190 
United States 344,173 29,437 14,237 755 14,992 
I, II 175,594 18,107 957 389 1,346 
HIE, IVE 93,983 4,768 2,196 156 2,352 
other III, IV 61,392 6,256 1,175 125 1,300 
V-VIII 13,204 306 9,909 85 9,994 
^Includes cropland available for endogenous crops only. 
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supply of land to meet the higher demand requirements, even with higher 
costs. This is evident from Table 41. Total area under straight row 
practices would decrease to 14.6 million acres compared to 26 million 
acres under Model A. The restriction of 5 ton maximum soil loss could 
have been satisfied with more area under straight row farming, as evidenced 
under Model Bl. But, the need to produce more would shift land to strip 
cropping and terracing. The relatively less productive Classes IIIE and 
IVE would shift towards strip cropping. About 10% of land on these land 
classes would be under strip cropping and terracing under Model A and 
38% under Model Bl where as this proportion would increase to about 89% 
under Model C. Only 11 thousand acres would be cultivated on Classes 
V-VIII because, these lands are erosion prone and relatively very few 
crop management systems which would result in less than 5 tons soil loss 
are available on these land classes. 
Even under normal export, most of the more productive land would be 
exhausted. The increase in cropped land required to meet the increased 
demand would have to come from the less productive land. Classes III-VIII. 
Of the 890 thousand more acres that would be brought into production under 
Mcdel C, compared to Model Bl, 831 thousand acres would come from Classes 
IIIE and IVE, 48 thousand acres from other III and IV, 11 thousand acres 
from V-VIII and none from Classes I and II. This would reduce the over 
all yield rates in Iowa, as shown in Table 43. The increase in yields 
obtained from better farming practices would some times be more than off­
set by the reduction in yield rates caused by producing more of these crops 
on less productive land. 
Table 41. Acreages under conservation practices in Iowa with 5 ton maximum 
soil loss and high prices in 1985 (Model C)® 
Conventional tiliage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and Soil class row only terrace row only terrace 
(000 acres) 
Iowa 6,917 353 7,687 7,680 3,343 1,939 
I. II 6,210 353 1,539 6,073 3,214 0 
HIE, IVE 187 0 6,082 704 123 1,939 
other III, IV 540 0 66 898 0 0 
V-VIII 0 0 0 5 6 0 
&For all cultivated crops Including rotation hay. 
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Soil loss 
The total soil loss from the agricultural lands of Iowa would be 
108.25 million tons under Model C, Table 42. This is more than the 
gross soil loss under Model Bl. But, Model C has a higher land base and 
the average soil loss per acre would be only 3.87 tons per acre conçared 
to 3.98 tons per acre under Model Bl and 13.30 tons per acre under Model 
A. Proportion of soil loss from Classes I and II land would decrease 
from 69% in Iowa under Model Bl to 67.7% under Model C. At the sane 
time the proportion of soil loss from Classes III and IV land would 
increase frola 25% to 26.8%. 
In this section only the soil loss restriction was considered. In 
the next section two more environmental restrictions will be added—the 
first one restricting the use of nitrogen and secondly restricting the 
use of chemical pesticides. The demand and export levels will be held 
at the same level as in Model C. 
Production Patterns with High Export Levels and Restrictions 
on the Use of Nitrogen and Pesticides (Model F) 
Model F is similar to Model E, except for the demand and export 
levels. The export and the domestic consumption levels are same as 
those of Model C. The use of nitrogen is restricted to a maximum of 100 
lbs. and the use of chemical pesticides is limited to organophosphates 
and carbomates. The yields and the interaction coefficients of the 
crop management systems with the nitrogen balance equation are adjusted 
as in the case of Model E (Chapters II and IV) . 
Table 42. Erosion under conservation practices in Iowa with 5 ton maximum 
soil loss and high prices in 1985 (Model C)^ 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 tons) 
Iowa 33,790 1,423 22,025 30,291 11,038 9,685 
I, II 30,843 1,423 4,847 25,761 10,486 0 
HIE, IVE 336 0 17,002 1,506 527 9,685 
other III, IV 2,611 0 176 3,016 0 0 
V-VIII 0 0 0 7 29 0 
*For all cultivated crops including rotation hay. 
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The area under com would decrease by about 2.4 million acres under 
Model F, compared to 20 million acres under Model C as shown in Table 44. 
At the same time the area under soybeans would increase by more than 2.4 
million acres. This increase in soybean acreage would be necessary 
because of the restriction on the use of nitrogen fertilizer. The 
farmers would be forced to increase the area under soybeans to augment 
the supply of nitrogen required by the crops. There would be a slight 
increase in the area under oats. About 105 thousand more acres would 
be brought into cultivation under Model F compared to Model C. This 
increase in area would be required to compensate for the decrease in the 
yield rates resulted from the limited use of nitrogen and pesticides. 
The most significant decrease in the yield rates would be seen in the 
case of com (from 114.6 bu. per acre under Model C to 110.7 bu. per 
acre under Model F). There would be some increase in the yields of 
wheat and soybeans owing to the shift in farming practices towards 
contouring. 
Farming practices 
The total area farmed under straigjit row farming would decrease by 
1.9 million acres under Model F from 14.6 million acres under Model C 
as shown in Table 45. At the same time the area under contouring would 
increase to 7 million acres. The 105 thousand more acres brought in 
production would come from Classes V-VIII, because the land available in 
other land classes was already exhausted. The entire 105 thousand acres 
would be farmed under contouring. The cropped land on Classes IIIE and 
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Table 43. Acreage, production and yield of crops in Iowa with 5 ton 
maximum soil loss and high prices in 1985 (Model C) 
Area Production Yield 
(000 acres) (000 bu.) (bu./acre) 
Com 20,135 2,309,132 114.6 
Oats 36 2,100 57.0 
Sorghum 465 37,298 58.6 
Soybeans^ 4,263 80,211 39.8 
Wheat 336 17,755 52.7 
^Production of soybeans in terms of oilmeal (cwt). 
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Table 44. Acreage, production and yield of crops in Iowa with 5 ton 
maximum soil loss, 100 pounds nitrogen» restricted use 
of pesticides and high prices in 1985 (Model F) 
Area Production Yield 
(000 acres) (000 bu.) (bu./acre) 
Com 17,658 1,954,755 110.7 
Oats 106 6,756 63.1 
Sorghum 454 25,680 56.5 
Soybeans^ 6,832 129,723 40.2 
Wheat 336 18,500 52.9 
^Production of soybeans in terms of oilmeal (cwt). 
Table 45. Acreages under conservation practices in Iowa with 5 ton maximum 
soil loss, 100 pounds nitrogen, restricted use of pesticides and 
high prices in 1985 (Model F)® 
Conventional tillage Reduced tillage . 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 acres) 
Iowa 8,553 2,048 4,264 4,192 4,988 3,979 
I, II 7,571 1,763 0 3,301 4,753 0 
HIE, IVE 431 0 4,198 284 123 3,979 
other III, IV 551 285 66 602 0 0 
V-VIII 0 0 0 5 112 0 
*For all cultivated crops including rotation hay. 
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IVE fanned under reduced tillage would increase from 2.77 million acres 
under Model C to 4.39 million acres under Model F. These shifts in farm­
ing practices would contribute to the increase in some of the yield 
rates. 
Soil loss 
The total soil loss from Iowa would increase to 112.8 million tons 
(Table 46) per year under Model F from 108.2 million tons under Model C. 
This increase is partly due to the fact that more of the high erosive 
Classes V-VIII would be brought into production under Model F. Another 
reason would be that more area would be farmed under contouring and less 
under strip cropping and terracing. This is evident from Tables 45 
and 46. Only 12.5 million tons of soil would be eroded from land farmed 
under contouring under Model C where as this quantity would increase to 
27.9 million tons under Model F. About 68.6% of the gross soil loss 
would come from Classes I and II land under Model F, compared to 69% 
under Model C. In other words, there would be no significant change in 
the distribution of soil loss among the land classes except in the case 
of Classes V-VIII. On these land classes, gross soil loss would increase 
from 36 thousand tons to 563 thousand tons under Model F. This increase 
would be completely attributed to the increase in acreage under these 
land classes. 
Use of nitrogen fertilizer 
Heavy doses of nitrogen fertilizer would be required to achieve the 
high demand requirements owing to the increases in the export levels. 
Table 46. Erosion under conservation practices in Iowa with 5 ton maximum 
soil loss, 100 pounds nitrogen, restricted use of pesticides and 
high prices in 1985 (Model F)® 
Conventional tlllaRe Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 tons) 
Iowa 39,464 8,217 11,771 19,517 19,731 14,161 
I, II 35,056 7,285 0 16,480 18,648 0 
HIE, IVE 1,822 0 11,595 1,037 527 14,161 
other III, IV 2,586 933 176 1,992 0 0 
V-VIII 0 0 0 7 556 0 
*For all cultivated crops including rotation hay. 
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As shown in Table 47, the use of nitrogen under Model C would be more than 
twice the use under Model A. In Model C, the use of nitrogen was not 
restricted, and the farmers are free to use as much nitrogen fertilizer as 
required by the crops. As a result, the use of nitrogen for all the 
crops would increase to 1,449 thousand tons compared to only 711.5 thou­
sand tons under Model A. Moreover, the demand for livestock products 
decrease under Model C owing to the increase in prices brought about by 
the expanded exports. Since the international trade aspect of the livestock 
products was unchanged, the production of livestock would decrease under 
Model C, and so would be the nitrogen fertilizer équivalent obtained from 
these livestock wastes. Livestock wastes amounted to only 137 thousand 
tons under Model C compared to 348 thousand tons under Model A. The 
quantity of nitrogen from chemical fertilizers purchased from the market 
would show substantial increase, to 1,312 thousand tons under Model C 
(or an increase of about 261%). The quantity of nitrogen applied would 
increase to 107.15 lbs. per acre compared to 60.37 lbs. per acre under 
Model A. Since this is only the average application, the actual quantity 
of nitrogen applied would be substantially higher than 100 lbs. per acre 
in certain cases. 
Under Model F, the use of nitrogen is restricted to a maximum of 100 
lbs. per acre. As a result of this limited use of nitrogen, the total 
quantity used would decrease to 1,083 thousand tons in Iowa or a reduction 
of about 25% compared to Model C. The livestock wastes would supply 
about the same quantity of nitrogen fertilizer equivalent under Model F. 
The quantity of nitrogen from chemical fertilizers would decrease to 945 
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Table 47. Nitrogen fertilizer use in Iowa under different 
models in 1985 
A C F G1 G2 
N used by crops 711. 5 1449 1083 958.5 799.0 
N from livestock 348. ,0 137.0 138.0 280.0 271.0 
N purchased 363. ,5 1312 945.0 678.5 528.0 
N use per acre* 60.37 107.15 80.03 74.09 62.77 
(lbs/acre) 
^Includes row crops and close grown crops only. 
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Table 48. Net income and cost of production in Iowa and the 
rest of the country under different models with 
high prices in 1985. 
A C F G1 G2 
Iowa 
Cost of production 6,136 5,486 5,344 5,866 5,653 
crops 1,677 2,324 2,070 1,898 1,919 
livestock^ 4,459 3,162 3,274 3,968 3,734 
Net income 2,019 5,311 5,266 1,693 1,688 
% of A 100.00 263.05 260.82 83.85 83.60 
of the country 
Cost of production 50,587 69,551 71,510 
crops 18,005 26,026 26,308 19,370 19,439 
livestock^ 32,582 43,526 45,202 27,104 27,487 
Net income 17,791 43,552 48,139 15,079 16,934 
% of A 100.00 244.80 270.58 84.76 95.18 
^Cost of production of livestock is adjusted for the value of nitrogen 
fertilizer equivalent obtained from livestock wastes. 
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thousand tons (a decrease of about 28%). This quantity would be 
substantially higher conçared to Model A with normal exports. This 
would cause more pollution, but the state of Iowa would have to bear with it 
in order to achieve the substantial increase in exports. Nitrogen 
applied per acre would decrease from 107.15 lbs. under Model C to 80.03 
lbs. under Model F. 
The increased export demands would put Increased pressure on the land 
resource in Iowa and in the rest of the country. This is reflected in 
the land values and the shadow prices. Table 49. The shadow price of 
land in Iowa would increase to $175.81 per acre under Model C and to 
$177.95 under Model F, compared to only $38.61 under Model A. The 
increase in shadow prices of land under Model F could be attributed to 
the increased use of land required to compensate for the reduction in 
yield rates brought about by limited use of nitrogen fertilizer and 
pesticides. The cost of production of crops in Iowa would increase by 
38.6% to $2,324 million under Model C compared to $1,677 million under 
Model A. At the same time, the cost of production of crops in the rest 
of the countzry would increase by 44.5%, conçared to Model A. The cost 
of production of livestock would decrease to $3,162 million in Iowa and 
increase to $43,526 million in the rest of the country. This is expected 
because, the domestic demand for the livestock products was less than 
that of Model A. The production of livestock commodities would decrease 
substantially in Iowa and so would be the export of these commodities to 
other regions in the country. The prices of intermediate products used 
in livestock production also increased. As a result, the rest of the 
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Table 49. Shadow price (rental value) of land by land class 
in Iowa under different models with high prices in 
1985 
Zone and land class A C F G1 G2 
($/acre) 
Iowa 38.61 175.81 177.95 41.6 34.51 
I, II 44.26 195.65 199.78 48.24 18.05 
HIE, IVE 30.67 147.01 148.12 30.38 18.05 
other III, IV 16.69 120.21 177.74 17.18 11.92 
V-VIII 0 21.76 25.01 0 0 
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country would be forced to produce more livestock products with 
increased costs. This would increase the cost of production of live­
stock in the rest of the country. This would be true for both the Models 
C and F. 
There would be substantial increases in the farm incomes in Iowa 
as well as in the rest of the country. Most of this increase could be 
attributed to the increase in the rental value of land both in Iowa and 
in the rest of the country. Part of this increase could be the result 
of increased prices of farm products. Table 59. The farm income in Iowa 
would increase to $5,311 million under Model C, (Table 48) or an increase 
of about 163% compared to Model A. The corresponding increase in the 
rest of the cotmtry would be 144% or to $43,552 million. The share of 
Iowa in the increase in the farm incomes owing to the increased export 
levels would be greater than that of the rest of the country. This 
could be because of the comparative advantage for Iowa in the production 
of com, and the export level of com was increased by a very large 
amount. 
With the imposition of restrictions on the use of nitrogen and 
pesticides, the cost of production of crops in Iowa would decrease to 
$2,070 million. This decrease would be due to the limited use of pesti-
c ides and a corresponding reduction in other costs required for their 
application. The production of crop commodities would decrease and the 
rest of the country would be forced to produce more of these commodities. 
As a result, the cost of production of crops in the rest of the country 
would increase slightly, to $26,308 million. There would be a very 
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slight increase in the cost of production of livestock in Iowa compared 
to the rest of the country. The loss to Iowa farmers owing to the environ­
mental restrictions is reflected in the famn incomes. The farm income 
in Iowa would decrease to $5,266 million or a decrease of about 1%. But, 
the farm income in the rest of the country would increase to $48,139 
million, or an increase of about 10%. The share of Iowa in the increase 
of farm income compared to Model A would decrease and that of the rest of 
the country would increase. The increase in farm income in Iowa under 
Model F would be only 160.82% compared to Model A, where as the corres­
ponding increase in the rest of the country would be 170.58%. The com­
parative advantage that Iowa had over the rest of the country under Model 
C would be lost by the imposition of the environmental controls. 
In this section, the capacity of the agricultural sector was tested 
with very high level of exports and prices. Also, the effects of various 
environmental restrictions on Iowa under the high export levels were 
determined. In the next section, the effects of medium levels of exports 
will be discussed. 
Production Patterns with Medium Level of Exports in the 
Absence of Environmental Controls (Model Gl) 
The export levels assumed under Models C and F were very high. The 
feed grain exports totalled to 8.2 billion bu. This level was about 10 
times that of 1969-72 level. The highest level of exports in the history 
of the country were in 1973 (72), with 1.3 billion bu. of com and 1.4 
billion bu. of wheat. Twice the level of 1973 feed grain exports were 
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assumed for feed grains in Models G1 and G2. Wheat exports were held at 
1.4 billion bushels. The same level of prices as under Models C and F 
were assumed for these two models. Under Model Gl, no environmental con­
trols were iirposed. The level of legume hay and soybean production was 
bounded by an upper limit. Model G2 incorporates all the environmental 
controls, i.e., level of soil loss limited to a maximum of 5 tons and 
restrictions on the use of nitrogen and pesticides, along with upper 
bounds on the production of legume hay and soybeans. The level of com 
was also bounded to a maximum of 15 million acres. 
The acreage under com in Model Gl would increase to 14 million 
acres, an increase of 4 million acres compared to Model A, Table 52. The 
acreage under oats would show a significant decrease to 309 thousand acres 
There would be no significant change in the area under other crops. Model 
Gl is similar to A, except for the increased export levels and prices 
and lower domestic consumption levels. The yield of com would increase 
from 114.3 bu. per acre under Model A to 116.4 under Model Gl. The 
yield rates of sorgjium grain would also increase to 84.2 bu. per acre 
under Model Gl. All other yield rates would remain more or less the same. 
As a result of the increase in yield rates and cropped area, the produc­
tion of com would increase to 1.66 billion bu. under Model Gl, conçared 
to 1.17 billion bu. under Model A. At the same time the production of 
oilmeals would decrease to 105,858 cwt. This decrease would be brought 
about by the reduction in area under soybeans. One reason for the reduc­
tion of oilmeal production would be the reduced domestic demand for 
livestock products. Similar reduction would be observed in the case of 
oats. 
Table 50. Erosion under conservation practices in Iowa with 
soil loss and high prices in 1985 (Model C)* 
5 ton maximum 
Conventional tillage Reduced tillage 
Zone and soil class 
Straight 
row 
Contour S. crop and Straight 
only terrace row 
Contour S. crop and 
only terrace 
(tons/acre) 
Iowa 
I, II 
HIE, IVE 
other III, IV 
V-VIII 
4.58 
4.96 
2.00 
4.83 
0 
4.03 2.86 3.94 
4.03 3.14 4.24 
0 2.79 2.14 
0 2.65 3.35 
0 0 1.50 
3.30 4.99 
3.26 0 
4.27 4.99 
0 0 
4.83 0 
®For all cultivated crops including rotation hay. 
Table 51. Erosion under conservation practices in Iowa with 5 ton maximum 
soil loss, 100 pounds nitrogen, restricted use of pesticides 
and high prices in 1985 (Model F)® 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(tons/acre) 
Iowa 4.61 4.01 2.76 4.65 3.96 3.55 
I, II 4.63 4.13 0 4.99 3.92 0 
HIE, IVE 4.22 0 2.76 3.65 4.27 3.55 
other III, IV 4.69 3.27 2.65 3.31 0 0 
V-VIII 0 0 0 1.50 4.96 0 
*For all cultivated crops including rotation hay. 
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Table 52. Acreage, production and yield of crops in Iowa with 
medium exports and no environmental restrictions in 
1985 (Model Gl) 
Area Production Yield 
(000 acres) (000 bu.) (bu./acre) 
Com 14,281 1,662,950 116.4 
Oats 309 21,275 72.1 
Sorghum 477 40,261 84.2 
Soybeans^ 5,997 105,858 37.1 
Wheat 336 18,801 56.6 
^Production of soybeans in terms of oilmeal (cwt). 
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Farming practices 
The farming practices mder Model G1 would be almost similar to 
those of Model A. This is expected because both these models involve 
no environmental restrictions, especially restriction on maximum allowa­
ble soil loss. Almost the entire cropped area would be farmed under 
straight row practices. Table 53, (about 94% of the total cropped area). 
Over 98% of Classes I and II land would be farmed under straight row 
farming. About 82% of Classes IIIE and IVE land and almost all of other 
III and IV class land would also be under straight row farming. About 
1,507 thousand acres of Classes IIIE and IVE land would be under strip 
cropping and terracing as a result of which some of the yield rates under 
Model G1 would be slightly higher than those under Model A. Only 215 
thousand acres would be under contouring under Model G1 (same as Model A). 
About 918 thousand acres would be shifted to reduced tillage under Model 
Gl, compared to Model A. 
Soil loss 
The maximum allowable soil loss from the agricultural lands in Iowa 
was not restricted in Model Gl. Soil loss from Iowa would be highest of 
all the models, reaching over 384 million tons per year (Table 54). The 
soil loss from Classes IIIE and IVE land farmed under reduced tillage-
straight row practices would increase by 14.8 million tons under Model Gl 
conçared to A. Even though some of this increase could be attributed to 
the increase in area farmed under these practices, the per acre soil loss 
would reach a very high 15.4 tons per acre per year compared to about 4 
Table 53. Acreages under conservation practices in Iowa with medium 
exports and no environmental restrictions in 1985 
(Model Gl)* 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 tons) 
Iowa 21,898 215 237 3,409 0 1,270 
I, II 14,940 212 0 2,237 0 0 
HIE, IVE 5,505 0 237 1,172 0 1,270 
other III, IV 1,453 3 0 0 0 0 
V-VIII 0 0 0 0 0 0 
®For all cultivated crops including rotation hay. 
Table 54. Erosion under conservation practices in Iowa with medium 
exports and no environmental restriction in 1985 
(Model Gl)* 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 tons) 
Iowa 348,590 1,579 679 24,515 0 9,437 
I, II 121,991 1,563 0 6,465 0 0 
HIE, IVE 218,005 0 679 18,051 0 9,437 
other III, IV 8,594 16 0 0 0 0 
V-VIII 0 0 0 0 0 0 
&For all cultivated crops including rotation hay. 
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tons per acre per year under Model A. As a result of this high increase, 
the contribution of these lands to the gross soil loss from Iowa would, 
raise to 64.10% under Model Gl, compared to 63% under Model A. The 
gross soil loss from Classes I and II land would increase from 122 million 
tons per year under Model A to 130 million tons under Model Gl. The con­
tribution of other III and IV land classes would decrease from 23.8% 
under Model A to 22.4% under Model Gl. This gross soil loss from Iowa 
would be reduced considerably with the imposition of 5 ton maximum soil 
loss limit in Model G2. At the same time the cost of production would 
also increase considerably. 
Production Patterns Under Medium Level of Exports with 
Various Environmental Controls (Model G2) 
The export levels assumed under Model G2 were the same as those 
under Gl. But, the crop management systems in Iowa under Model G2 were 
restricted to allow only a maximum of 5 tons of soil loss per acre per 
year. The use of nitrogen was also restricted to a maximum of 100 lbs. 
per acre and use of pesticides was restricted to organophosphates and 
carbomates. These restrictions are same as those inçosed in Models E 
and F. Besides, the production of legume hay and soybeans was also 
bounded by upper limits. 
As a result of the environmental controls, the total area cropped 
in Iowa would show a slight decrease under Model G2 (a relatively insig­
nificant decrease of 70 thousand acres) . The com acreage would decrease 
by 1.16 million acres to little over 13 million acres, compared to Model 
Gl, Table 55. This decrease would be compensated by increase in the area 
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Table 55. Acreage, production and yield of crops in Iowa with 
medium exports and various environmental restrictions 
in 1985 (Model G2) 
Area Production Yield 
(000 acres) (000 bu.) (bu./acre) 
Com 13,121 1,506,337 114.7 
Oats 693 50,499 72.7 
Sorghum 455 38,393 84.2 
Soybeans^ 6.298 120,086 40.4 
Wheat 336 18,366 . 54.5 
^Production of soybeans in terms of oilmeal (cwt). 
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under oats and soybeans. The increase in soybeans is necessitated to 
augment the supply of nitrogen. Owing to the fertilizer and pesticide 
restrictions, the yield rates would show considerable decrease in case 
of com (to 114.7 bu. per acre) and wheat (to 54.5 bu. per acre). The 
yield rate of soybeans would increase due to better farming practices and 
shift to better quality land. 
Farming practices 
There would be significant shift in farming practices in Iowa, 
Table 56. The restriction on maximum allowable soil loss would shift 
the farming practices away from straight row farming. The area under 
straight row farming would decrease by over 9 million acres against 
Model Gl. Of the total cropped area on Classes I and II land, only 61% 
would be farmed under straight row practices, compared to over 98% under 
Model G2. The most siginificant shift would be on Classes IIIE and IVE. 
Only 14% of these land classes would be farmed under straight row farming 
under Model G2, where as the corresponding percentage under Model Gl 
would be over 81%. The area under reduced tillage practices would increase 
to 39.5% congjared to 17% under Model Gl. With all these shifts in farm­
ing practices the gross soil loss in Iowa would decrease significantly. 
Soil loss 
With the imposition of soil loss restriction in Iowa, the gross soil 
loss would decrease to 118 million tons per year under Model G2, Table 57, 
a decrease of 266 million tons per year (or 69% decrease), compared to 
Table 56. Acreages under conservation practices in Iowa with medium 
exports and various environmental restrictions in 1985 
(Model G2)a 
Conventional tillage Reduced tillage 
Straight Contour S. crop and Straight Contour S. crop and 
Zone and soil class row only terrace row only terrace 
(000 acres) 
Iowa 8,643 2,411 3,872 4,142 3,294 4,597 
I, II 6,730 1,975 1,582 3,931 3,171 0 
HIE, IVE 1,169 0 2,290 4 123 4,597 
other III, IV 744 436 0 207 0 0 
V-VIII 0 0 0 0 0 0 
*For all cultivated crops including rotation hay. 
Table 57. Erosion under conservation practices in Iowa with medium 
exports and various environmental restrictions in 1985 
(Model G2)a 
Zone and soil class 
Conventional tillage 
Straight 
row 
Contour 
only 
S. crop and 
terrace 
Reduced tillage 
(OOP tons) 
Straight Contour 
row • only 
S. crop and 
terrace 
Iowa 
I, II 
HIE, IVE 
other III, IV 
V-VIII 
41,663 
32,680 
5,273 
3,710 
0 
10,180 
8,848 
0 
1,332 
0 
12,395 
5,823 
6,572 
0 
0 
17,961 
17,281 
13 
667 
0 
12,799 
12,272 
527 
0 
0 
22,905 
0 
22,905 
0 
0 
®For all cultivated crops including rotation hay. 
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Model Gl. Most of this decrease would come from the shift in farming 
practices on Classes IIIE and IVE land. These land classes accounted 
for 246 million tons of soil loss in Iowa under Model Gl. This would 
decrease to only 35 million tons under Model G2. The contribution of 
Classes I and II land to the gross soil loss would increase from 33.86% 
under Gl to 65.17% under Model G2. Even though the proportion of these 
land classes almost doubled, the actual amount of soil loss would decrease 
by 53 million tons per year. 
Use of nitrogen fertilizer 
The use of nitrogen was limited to a maximum of 100 lbs. under Model 
G2. Consequently, the total amount of nitrogen used by crops would 
decrease by about 17% when we move from Model Gl to G2. Livestock wastes 
would supply about 271 thousand tons of nitrogen fertilizer equivalent, 
about the same level as under Model Gl. The per acre application of 
nitrogen would decrease from 74.09 lbs. under Gl to 62.77 lbs. under 
Model G2. The production of soybeans would increase to 120 million cwt 
of oil meal to augment the supply of nitrogen to the crops. 
Cost of production and farm income 
The farm incomes in Iowa and the rest of the country show a 
considerable change under Models Gl and G2. The income to the farming 
sector in Iowa would be $1,693 million under Model Gl. With the imposition 
of environmental controls under Model G2, there would be a slight decrease 
in the farm income to $1,688 million. The change in the farm income in the 
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rest of the country would be more significant. The incomes would increase 
from $15,079 million under Model G1 to $16,934 million under Model G2. 
The cost of production of crops in Iowa would increase from $1,898 million 
to $1,919 million where as the corresponding costs for the rest of the 
country would be $19,370 million under G1 and $19,439 million under G2. 
The cost of production of crops in Iowa would decrease due to reduction 
in the use of pesticides and chemical fertilizer. But this decrease 
would be more than offset by the increase in other costs owing to the shifts 
in farming practices. The cost of production of livestock in Iowa would 
show a slight decrease, from $3,968 million to $3,734 whereas at the same 
time, these costs for the rest of the country would be $27,104 million and 
$27,487 million for G1 and G2, respectively. The reduction of these costs 
in Iowa and increase in the rest of the country could be attributed to 
shifts in production of some of the livestock away from Iowa. 
There is an interesting situation in the farm incomes under Models G1 
and G2 compared to other models, especially to Model A. With high exports, 
(Models C and F) , the farm incomes showed a very high increase. But, with 
medium level of exports (Models G1 and G2), the farm income decreased. 
Most of the increase in farm incomes under high export models could be 
attributed to increase in the value of land, as shown in Table 48. No 
doubt, the land values showed a slight increase under Model Gl. But, the 
farm incomes were less compared to Model A. This situation could be 
explained with the help of Table 58. 
In constructing Models Gl and G2, high prices were assumed for both 
crop and livestock products. Using these high prices, the per capita 
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Table 58. Farm incomes from crop and livestock enterprises in 
1985 for Models A, G1 and G2 
A G1 02 
($ million) 
Iowa 
Crop 
Livesto ck^ 
Rest of the country 
Crop 
Livestock^ 
1,207 
811 
9,103 
8,687 
1,362 
329 
10,758 
4,320 
1,321 
367 
11,335 
4,211 
^Income from livestock is adjusted for the value of nitrogen 
fertilizer equivalent obtained from livestock wastes-
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demand levels were calculated. As a result, the per capita demand and 
the total domestic demand were lower than those of Model A. The shadow 
prices of the crop commodities and some of the livestock products would 
increase under Models G1 and G2, owing to the increased export levels, 
but these prices would not be as hi^ as those assumed. Table 59. The 
production of crop commodities increased under these models to satisfy 
the increase in export level. But the production of livestock decreased 
because of the reduction in domestic demand. As a result, the income 
from the livestock enterprise did show a considerable reduction. Though 
the farm income from crop enterprise showed an increase of $155 million 
from Model A to Model Gl, the farm income of the livestock enterprise 
decreased by a larger amount, ($482 million) in Iowa. Similar reduction 
could be seen in the case of the rest of the country. The increase in 
farm incomes from the crop enterprise could be attributed to the increase 
in production and exports, and the reduction in the farm incomes from 
livestock enterprise was brought about by the decrease in production. 
If the same domestic demand levels for the livestock products as in Model 
A were used in Models Gl and G2 (since the shadow prices showed very small 
increase) , the farm incomes under these two models would have been higher 
than those in Model A. 
Consumer impacts 
Up to this point, the impacts of environmental controls on the 
farming sector were discussed. The consumer sector represents a major 
voice in any policy measures taken by the Government. The farm level 
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Table 59. Farm level prices for some agricultural commodities 
in Iowa under various policy alternatives for 1985 
A C F G2 
Com 1 .11 2 .51 2. 73 1. 30 
Wheat 1 .17 3, .02 3. 13 1. 58 
Oilmeal 3 .70 9 .53 8. 60 3, .47 
Cotton 91 .60 254. 44 258. 71 200, .99 
Beef 63. ,51 86, .19 91. 61 55. 56 
Pork 37 .15 59, .87 61. 61 39. 14 
Milk 4. 92 7. 32 7. .39 5, .31 
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prices (shadow prices) are given in Table 59, for major agricultural 
commodities. The increase in exports invariably results in increase in --
prices. The prices of cotton would be affected most as a result of the 
environmental restrictions and expanded exports. Most of the increase in 
the price of cotton could be attributed to the increased exports. The 
domestic demand for cotton does not change much because of the increase in 
prices resulting from the expanded exports. The prices of com and wheat 
would show significant increase with the imposition of environmental con­
trols. As stated earlier, the production of com would decrease as a 
result of these controls. With the quantity demanded remaining the same, 
(between Models C and F) , the price of com is expected to increase. One 
exception is oilmeal prices where the price level would go down. With 
the imposition of restrictions on the use of nitrogen, the farm sector 
would be forced to grow more soybeans and legume hay to augment the supply 
of nitrogen. As a result of this increase in production, the price of 
oilmeal and legume hay are expected to drop. With the increased availa­
bility of these commodities at lower prices, oilmeal and legume hay 
would be substituted for other feeds and as a result, the beef prices would 
decrease under Model G2, compared to Model A. The inability to substitute 
legume hay for other feeds, in the case of hogs, would result in higher 
prices of pork. 
With medium level exports, the prices would show slight increase with 
two exceptions, namely oilmeal and beef. But when the exports are expanded 
to a very high level, the prices of all commodities would increase 
significantly. 
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When formulating any policy, the policy makers must survey all the 
alternatives available and the impacts of each of these alternatives 
on the econony, so as to select the best policy. In the following section 
a summary of the various impacts of different environmental controls is 
given to provide a bird's eye view to the policy makers. 
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CHAPTER VI. SUMMARY AND CONCLUSIONS 
The effects of various environmental restrictions on the 
agricultural sector are investigated in this study. Major emphasis 
is placed on the level of soil loss per acre and limited use of chemi­
cal inputs. The effects of increased exports are also examined. The 
level of maximum allowable soil loss, limitations on the use of chemi­
cal inputs and determination of export levels are a choice of the leg­
islative bodies. The legislation on the maximum allowable soil loss 
in Iowa had already been enacted, whereas the limits on the use of 
fertilizers and pesticides is still open for debate. Analyses such as 
this study enables the policy makers to determine the effects of such 
legislations on the farming sector ex-ants rather than take an action 
and determine the impacts ex-post. By considering various export 
levels, the policy makers can adjust demand such that the resultant 
incomes and prices are favorable to the agricultural sector without 
putting too much burden on the consumer sector. A brief look at the 
various environmental restrictions and the export levels and their 
impacts on the agricultural sector can tie them together into one 
interacting set of policy alternatives. 
Summary of Soil Loss Alternatives 
This study concentrates on the effects of various environmental 
controls in Iowa on the agricultural sector of the state and the rest 
of the country. Since agriculture is, historically, a concern of the 
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state governments, the level of environmental controls are expected to 
vary in various parts of the country, unless the federal government sets 
universal guidelines for the entire country. Until then, the isolated 
legislations in some states are bound to favor some parts of the country 
at the expense of others. Especially those parts with restrictions on 
use of resources to improve the environmental quality would be affected 
adversely, where as others stand to gain from these controls. At the 
same time, those regions with controlled use of resources will have a 
better environmental quality compared to others. The results are sum­
marized in terms of erosion levels, farming practices production levels 
and farm incomes. 
Soil loss 
The gross soil loss in Iowa would be over 352 million tons per 
year under the unrestricted alternative. This quantity would be reduced 
to less than 108 million tons and 60 million tons when the maximum allow­
able soil loss is limited to 5 tons and 2.5 tons, respectively. The 
gross soil loss in the country would be 1.75 billion tons per year, with 
no restrictions on soil loss in Iowa. With the imposition of soil loss 
limits in Iowa at 5 tons and 2.5 tons per acre, the gross soil loss in 
the entire country would be 1.50 billion tons and 1.46 billion tons 
respectively. Although the amount of gross soil loss in the entire 
country would decrease with the limitations on soil loss in Iowa, the 
reduction in Iowa would be greater than the reduction in the country as 
a whole. In other words, the reduction in soil loss level in Iowa would 
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rciuilt In an Increase in Che gross soil loss in the rest of the country. 
It follows that, if the rest of the country does not follow the example 
of Iowa in limiting the soil loss levels by proper legislation, it 
would have to live with increasing sedimentation and deteriorating 
environmental quality. 
Soil loss per acre in Iowa would vary significantly under different 
soil loss limits, depending on the land class. The highest per acre soil 
loss would be on Classes IIIE and IVE. The soil loss per acre on these 
land classes would vary from 3.90 tons per acre under reduced tillage 
straight row practices to 32.50 tons per acre under conventional til­
lage straight row practices, both under unlimited soil loss alternative. 
With the imposition of soil loss limits, the highest per acre soil loss 
would be on Classes I and II with 4.99 tons per acre (with 5 ton maxi­
mum per acre) and the lowest would also be on the same land classes 
with 1.43 tons per acre (with 2.5 ton maximum). 
The method of controlling erosion and bringing about the reduction 
in soil loss would be through a shift in farming practices. These 
shifts would be away from conventional tillage methods, and within the 
tillage methods, away from the straight row cultivation. Under the 
unrestricted alternative, 86% of the total cultivated area in Iowa 
would be under conventional tillage, where as the corresponding pro­
portion would be only 59% under 2.5 ton restriction. This shift would 
be complemented by the shifts in conservation practices. The area 
cultivated under straight row farming would decrease from 85% of the 
total land utilized under the unrestricted alternative to only 32% 
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under 2.5 ton restriction. Meanwhile, the proportion of strip cropping 
and terracing would increase from less than 3% with no restriction on 
soil loss to more than 39% with the imposition of 2.5 ton restriction. 
The corresponding increase under contouring would be from less than 13% 
to over 28%. The largest shift would be in the case of strip cropping 
and terracing with conventional tillage practice, from one thousand 
acres under the unlimited soil loss alternative to 10,707 thousand acres 
under 2.5 ton restriction. 
The imposition of soil loss limits would decrease the land use in 
Iowa from 32.6 million acres with no soil loss restriction to 32.4 mil­
lion acres and 32.2 million acres with 5 ton and 2.5 ton restrictions, 
respectively. This reduction would be relatively insignificant (less 
than 2%). But the entire reduction would be on the less productive 
and more erosion prone land classes. III and IV. Classes V-VIII would 
be utilized to a minimum (no crops are grown on these land classes 
under the three models with soil loss restrictions and normal exports). 
With the shifts in farming practices, the yield rates in Iowa 
would increase. The highest increase would be in the case of soybeans 
(about 12%), when we move from the unrestricted alternative to the 2.5 
ton restriction. Similar increases would be seen in com yields 
(about 4% increase) and wheat yields (about 4% increase). The yield 
rate of oats would show a decrease (about 3% decrease) with the imposi­
tion of 2.5 ton restriction. This decrease would be the result of shifts 
from high productive land to the low productive land classes. 
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Income, expenditure and farm level prices 
The imposition of soil loss limits would make farming in Iowa less 
attractive as compared to the rest of the country. This is reflected 
in the farm incomes and expenditures. The cost of production of crops 
in Iowa would increase from $1,677 million to $1,812 million with the 
imposition of 2,5 tons soil loss restriction. This increase would be 
brought about by the increase in labor and machinery costs required 
to achieve the reduction in per acre soil loss through the shifts in 
farming practices. The labor component of the total cost of production 
of crops would increase from $238 million under unrestricted alterna­
tive to $240 million and $239 million with the imposition of 5 ton and 
2.5 ton limits, respectively. The corresponding labor costs for the 
rest of the country would be $2,754 million, $2,743 million and $2,745 
million, respectively. Similar increase in the machinery costs in 
Iowa could be observed. Table 60. Even though the labor costs decreased 
in Iowa when we move from 5 ton restriction to 2.5 ton restriction, 
the machinery costs would increase significantly. 
As expected, the farm incomes in Iowa would decrease with the 
imposition of soil loss restrictions. The farm income in Iowa would 
decrease from $2,019 million with no restriction on soil loss to $1,890 
million with the imposition of 2.5 ton restriction. At the same time, 
farming in the rest of the country would be more profitable with the 
farm income increasing from $17,791 million to $17,887 million. The 
increase in the farm income for the rest of the country would not be 
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Table 60. Expenditure on labor and machinery for various 
policy alternatives for 1985 
Labor expenditure Machinery expenditure 
Model Iowa Rest of the Iowa Rest of the 
country country 
(million dollars) 
A 238 2,754 1,017 10,694 
B1 240 2,743 1,038 10,649 
B2 239 2,745 1,054 10,672 
D 250 2,747 1,059 10,692 
E 240 2,746 1,043 10,656 
C 273 3,677 1,178 15,780 
F 253 3,707 1,108 14,850 
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sufficient to offset the reduction in Iowa. In other words, the farm 
income for the entire country would decrease as a result of the soil 
loss restrictions in Iowa. At the same time, the income distribution 
would be in favor of the rest of the country. The prices of agricultural 
commodities in lovfa would show a slight reduction partly reflecting the 
fall in land values. The cost per capita for the entire country would 
show a slight increase, from $156.44 with no restrictions on soil loss 
to $157.14 with 2.5 ton limit. 
Environmental improvement 
The results of the alternate soil loss restrictions indicate that 
the agriculture in Iowa has the productive and technological capacity 
to achieve the reduced soil loss levels. Soil loss can be substantially 
reduced with the imposition of legislative measures restricting the per 
acre soil loss from the agricultural lands. The entire reduction in the 
gross field erosion could be brought about by better farming practices, 
with shifts in both conservation methods and tillage practices. This 
reduction in soil erosion could reduce sedimentation in the streams and 
rivers of the nation. The cost of this improved environmental quality 
is reflected in decreased farm incomes and higher production costs. To 
offset some of the reduction in the farm incomes, the use of other pro­
ductive inputs such as chemical fertilizers and pesticides will increase, 
causing pollution in the nation's rivers and streams. A policy oriented 
towards improving environmental quality must consider the implications 
of the increase in use of these inputs and establish proper controls. 
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Summary of Restrictions on the Use of Nitrogen and Pesticides 
The reduction in soil loss from the agricultural lands would, to 
some extent, reduce the amount of sediment in the water ways. As the 
erosion is reduced, the quantity of residual chemicals carried into the 
streams by the soil particles would also decrease. But the use of 
chemicals would increase to offset the reduction in the farm incomes 
brought about by the restrictions on maximum allowable soil loss. 
This increase could result in increased quantities of these residual 
chemicals being transported into the streams and rivers. A proper en­
vironmental policy would be to augment the soil loss restrictions with 
limitations on the use of chemical inputs. The results of such policy 
measures are summarized in this section. 
Use of nitrogen fertilizer 
The total use of nitrogen in Iowa under the unrestricted alternative 
would be 711.5 thousand tons. This would increase to 777 thousand tons 
with the imposition of 2.5 ton soil loss restriction. The quantity 
obtained from the chemical fertilizers would increase from 363.5 thou­
sand tons to 443 thousand tons. The average rate of application would 
increase from 60.37 lbs. to 67.00 lbs. per acre. The actual rate of 
application to some crops would be significantly more than the average. 
When the use of nitrogen is restricted to 100 lbs. of nitrogen in Iowa, 
the total quantity of nitrogen used would decrease to 637 thousand tons. 
Of this, the quantity from chemical fertilizers would be only 292.5 
thousand tons. Most of the crops would be grown in combination with 
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legume crops to augment the supply of nitrogen. The total quantity of 
nitrogen used by crops would further decrease to 509 thousand tons with 
the imposition of restrictions on the use of pesticides. The purchased 
component would also decrease to 150 thousand tons. Because of these 
restrictions, the yield would also decrease (from 116.1 bu. per acre to 
115.0 bu. per acre in the case of com and from 54.3 bu. to 53.3 bu. per 
acre in the case of vAeat). The soil loss would show a slight increase 
to 112 million tons with fertilizer restriction and to 109 million tons 
with the addition of restriction on the use of pesticides. This increase 
in soil loss is insignificant compared to 108 thousand tons under 5 ton 
soil loss alternative. 
Income, expenditure and farm level prices 
With the imposition of limits on the use of nitrogen and 
pesticides, farming in Iowa would become more and more unprofitable com­
pared to the rest of the country. The cost of production of crops in 
Iowa would increase from $1,756 million under 5 ton soil loss limit to 
$1,813 million with 100 lbs. limit on the use of nitrogen. This 
increase could be attributed to increase in other inputs such as labor 
and machinery substituted for nitrogen. There would be a slight 
increase in the cost of production of crops in the rest of the country. 
The farm income in Iowa would decrease from $1,964 million under 5 ton 
restriction to $1,913 million with the added restriction on the use of 
nitrogen. At the same time, the farm income in the rest of the country 
for these two alternatives would be $17,854 million and $18,461 million. 
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respectively. The rest of the country gains more than what the farming 
sector in Iowa loses. The net effect would be that, the farm income 
in the entire country would increase by $556 million, and all of this 
increase would be outside the state of Iowa. 
The expenditures on crop enterprise in Iowa would decrease to $1,741 
million with the addition of restrictions on the use of pesticides. This 
reduction is expected because of the reduction in the use of pesticides 
and cost of labor and machinery. The labor and machinery costs would 
decrease, because some of these resources would have to be used for the 
application of pesticides. The farm income in Iowa would further 
decrease to $1,882 million. The farm income in the rest of the country 
would increase to $17,947 million. The increase in the farm income in 
the rest of the country would still be more than the decrease in Iowa. 
But, this increase would not be as high as it would be with the limit 
on use of nitrogen alone. 
The effect of restrictions on the use of nitrogen and pesticides 
on the consumer sector would be insignificant. The important change 
would be the increase in the price of oilmeal with the imposition of 
nitrogen fertilizer restriction. Since the area under soybeans is 
restricted by an upper bound, the price of oilmeal would show a slight 
increase. This would also be reflected in the price of feeders and 
beef. The cost per capita in Iowa would increase from $148.24 under 
5 ton soil loss restriction to $148.61 with the imposition of nitrogen 
restriction and to $148,46 with the addition of controls on the use of 
pesticides. The effect in the country as a whole would be more 
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significant when the cost per capita increases from $156.94 with 5 ton 
soil loss limit to $159.47 with the added restriction on the use of 
nitrogen. 
Environmental quality 
The imposition of restrictions on the use of nitrogen and pesticides 
in Iowa would result in a slight increase in the gross soil loss (about 1 
million tons more). But, in the absence of these restrictions, the use 
of nitrogen fertilizers would increase, and as a result, the quantities 
of the residual chemicals going into the water ways would also increase. 
For a proper environmental policy, it is necessary that the use of these 
chemicals be restricted to tolerable levels. The use of biodegradable 
pesticides would reduce the quantities of harmful chemicals leaching into 
the streams and rivers. The soil loss levels would still be low, ranging 
from 2.14 tons per acre on Classes IIIE and IVE with straight row farming 
to 4.99 tons per acre on the same land classes with strip cropping and 
terracing. The legislation restricting the soil loss levels was already 
enacted in Iowa. But as shown in this study, this alone would not be 
very efficient in controlling the pollution from chemical residues (owing 
to the increase in the use of chemical fertilizers). For a better environ­
mental quality, restrictions on the use of fertilizers and pesticides have 
to be considered along with the soil loss limits. Also, certain income 
policies have to be considered to offset the adverse effects of these 
environmental policies on the farm incomes in Iowa. 
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Summary of Increased Export Levels and Environmental Restrictions 
The producing capacity of agricultural sector is not drastically 
affected by the environmental restrictions. To maintain the level of 
prices and for supply to be consistent with the demand, about 64 million 
acres would have to idled in 1985. Increasing the export levels is one 
method of increasing demand and utilizing the surplus capacity of agri­
culture. At the same time, the increased export levels would effect the 
environmental quality. 
Soil loss 
There would be a slight increase in the gross soil loss in Iowa, 
reaching 108.25 million tons per year, with the increase in export levels. 
With 5 ton soil loss restriction, the soil loss would range from 4.99 
tons to 1.50 tons per acre. Although the increase in soil loss in Iowa 
would be negligible, the gross soil loss in the entire country would 
increase to 1.72 billion tons (the comparable gross soil loss with normal 
exports would be 1.5 billion tons). This would be because of the low 
quality land being brou^t into production. With the increase in exports, 
along with 5 ton soil loss restriction in Iowa, farming practices would 
shift towards reduced tillage practices. About 46% of the total culti­
vated land would be under reduced tillage. Within the tillage method, 
cultivation would be towards strip cropping and terracing. With the 
addition of restrictions on the use of chemicals, gross soil loss in Iowa 
would increase to 112.8 million tons. This increase could be attributed 
to the increased area under Classes V-VIII. The extra land brought into 
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production on these land classes would be cultivated under reduced 
tillage-contouring practice. With medium exports and no restrictions on 
soil loss, the gross soil loss from Iowa would be 384 million tons per 
year. This would decrease to 118 million tons with the imposition of 5 
tons soil loss limit. 
Use of nitrogen fertilizer 
With high esqjort levels, the use of nitrogen would increase to 1,499 
thousand tons in Iowa. The per acre application would be 107.15 lbs. 
The actual application in certain cases would be substantially higher than 
the average, causing increased pollution in the water ways. The level of 
nitrogen use would decrease to 1,083 thousand tons with the imposition of 
restrictions on the use of nitrogen. This level would be significantly 
higher than that with normal exports. To achieve the increase in pro­
duction to meet the increase in exports, this higher level of fertilizer 
use would be necessary. 
Income, expenditure and price levels 
The expenditure on crops in Iowa would increase to $2 , 324 million 
with high exports. The labor conç)onent would increase to $273 million 
and that of machinery would be $1,178 million. The farm income in Iowa 
would increase to $5,311 million. At the same time, farm income in the 
rest of the country would increase to $43,522 million. The increase in 
Iowa would be 163% compared to only 145% in the rest of the country. 
In other words, Iowa has a comparative advantage with the increase in the 
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export levels, even with 5 ton soil loss restriction. But, this advantage 
would be lost with the addition of other environmental restrictions. With 
the additional restrictions on the use of nitrogen fertilizer and pesticides, 
the farm income in Iowa would decrease to $5,266 million while that of the 
rest of the country would increase to $48,139 million. Compared to the 
normal export level, the increase in the farm income in Iowa would be only 
160.82% where as the corresponding increase in the rest of the country 
would be 170.58%. The cost of production of crops would decrease by about 
11%. But the resulting fall in yield rates would be more than 11%, off­
setting the reduction in cost. The shadow price of land in Iowa would 
increase to $177.95 per acre, with the imposition of all the environmental 
restrictions under high export levels. 
The high export levels would result in high farm level prices of the 
major agricultural commodities. As export level increases, the available 
capacity of the agricultural sector would be exhausted. With the high 
level of exports, about 96% of the total land would be utilized. Due to 
this restrained capacity, the shadow price of land would increase very 
significantly. The limited capacity of the sector would result in shifts 
in production pattern away from the cost minimizing alternatives to those 
with high yields per unit of fixed input. This would result in the increase 
in price levels. 
Environmental quality 
Even with the hi^ export levels, the gross soil loss in Iowa could 
be limited to 108.25 million tons per year, with 5 ton restriction. This 
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would be slightly higher than the soil loss with normal exports. At the 
same time, the use of nitrogen would increase by considerable amount. 
Even with 100 lbs. restriction, the use of nitrogen would increase to 
1,083 thousand tons in Iowa, about 113% increase over the use under 
normal exports. This increase in fertilizer use is indispensable because 
the yield increases resulting from higher doses of nitrogen is necessary 
to meet the increase in demand. The use of nitrogen in the entire country 
would increase from 11 million tons to 17 million tons. No doubt, this 
increase in the nitrogen use would result in higher pollution levels in 
the country's streams and rivers. The increase in the nitrogen use in 
the North Central region would be the highest in the country with 135% 
increase over the level with normal exports. The per acre nitrogen use 
in Iowa would increase to 80.03 lbs. compared to 43.41 lbs. per acre 
under normal exports. When the use of nitrogen is restricted to 100 lbs. 
in Iowa, the use in the rest of the country would increase by 328.5 thou­
sand tons. Of this increase, only 3.5 thousand tons would come from live­
stock wastes, where as 325 thousand tons would come from chemical ferti­
lizers, increasing the nitrate concentration in the streams and rivers. 
American agriculture has the capacity to adjust the production 
patterns to control the erosion and chemical pollutants, at the same time 
increasing exports to supply the world's ever increasing demand for food. 
But, the increase in exports would result in higher pollution in the 
nation's water ways. Regional legislations could effectively control 
the sources of pollution, but any such regional controls, in the absence 
of uniform regulation throughout the country would have to pay for the 
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better environmental quality in the form of increased costs, decreased 
farm incomes and some times loss in the comparative advantage that the 
region might enjoy in the absence of environmental controls. 
Policy Implications of the Analysis 
Sedimentation represents the movement of soil particles in the 
water ways of the nation. These particles originate from the stream 
banks and gully erosion from the lands in the drainage area. Cultivation 
increases the erosion process creating more sedimentation and loss of 
productive capacity of these lands. These soil particles also transport 
residual chemicals into the water ways causing pollution. Recently, this 
has been the main concern of the American Public. Similar concern in 
Iowa resulted in imposing controls on the maximum allowable soil loss 
levels in the state. 
Erosion can be controlled with the available technology with little 
leg)act on the production potential of the agricultural sector. This 
analysis indicates that the specified limits on the soil loss in Iowa can 
be obtained with shifts in farming practices towards contouring, strip 
cropping and terracing using conventional tillage, and shift towards 
reduced tillage methods. Incorporating reduced tillage methods requires 
an alternate line of tillage and planting equipment which in turn requires 
more power to operate. The farmers must have ready capital resources, and 
the manufacturers must have production plants to manufacture this equip­
ment. The limits on the use of fertilizers and pesticides would require 
alternate sources of these inputs such as organic manures for nitrogen 
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and biodegradable chemical pesticides. Also the shift to reduced tillage 
method increases the need for increased use of pesticides and weed con­
trol methods. 
This analysis indicates that the present soil loss restrictions 
result in increased use of nitrogen fertilizer. To control the transport 
of residual nitrogen compounds into water ways of the country, the present 
Conservation Laws should be ammended to control the use of these chemi­
cals. Limiting the use of nitrogen to 100 lbs. per acre and restricting 
the use of pesticides to organophosphates and carbomates would not reduce 
the productive capacity of the farming sector in the state. Even with 
the increased level of eaqjorts, the state will be able to meet its share 
of the increase in demand, at the same time, regulating the use of the 
available resources to provide a better environment. 
The price that the farm sector pays to achieve this goal is 
reflected in the reduction in the land values, increase in the production 
costs and decrease in the farm incomes. These restrictions result in a 
higher use of labor and machinery on the farms to control the erosion. 
In the absence of universal regulations in the country, environmental 
controls in Iowa result in a wind fall to the farming sector in the rest 
of the country in the form of increased land values, and farm incomes. 
Some of the comparative advantages enjoyed by the state of Iowa would be 
lost with the impositions of these controls. At the same time, the 
reduction in the sedimentation in Iowa would increase the erosion process 
in the rest of the country, partly offsetting the improved environmental 
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quality achieved in Iowa. A uniform set of controls on land use and the 
use of chemical inputs is required for the entire country to maintain a 
livable America. 
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APPENDIX 1. EXOGENOUS CROP SECTOR 
The exogenous crop sector defines the production and allocation 
of land by land group in each producing area, nitrogen fertilizer and 
water for those crops that are not treated endogenously in the models. 
Soil loss and other environmental restrictions are not considered in 
developing this sector of the model. The 1969 production and projected 
production in 2000 are determined from the OBERS work of the Economic . 
Research Service.^ Acreages for each crop in 1969 are obtained from 
the Census of Agriculture (83) and the average state yields for 1969 
are determined. Dean et al. (14) reported the yields of exogenous 
crops in California for the year 1969 and 2000. It is assumed that 
the yields in each state will increase in the same proportion as the 
California yields and the ratio of yields in California are used to 
adjust all state yields for the year 1985. All projections are made 
at the state level. These acreages are allocated to the counties on 
the basis of the proportion of each crop grown in the county as reported 
in the Census of Agriculture (83). These acreages are aggregated 
appropriately to determine the acreages in each producing area. 
The exogenous crops are grouped into three categories according 
to the type of cultivation, namely row crops, close grown crops and 
orchards and vine yards. The acreages of these three categories are 
^The 1972 OBERS Report backup materials were obtained through 
private communication with Dr. M. L. Cotner, Director, NRED, U.S. 
Dept. of Agriculture. 
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allocated to different land groups in proportion to the other row 
crops, close grown and orchards and vine yards. If the projected 
acreage of the exogenous crops in any land group is greater than the 
acreage available in that land group, the excess acreage is allocated 
to the next closest land group in erosion characteristics or to the same 
land group in an adjacent producing area depending on the productivity. 
The use of nitrogen fertilizer by the exogenous crop sector is 
significantly large, especially in the Gulf and West Coast areas. The 
nitrogen fertilizer requirement in the producing areas is determined 
from 
Ni = Z Aij Xij 
j 
i = 1,...,102 for the producing areas, 
j = l,...,for the exogenous crops 
where 
Ni is the total projected nitrogen fertilizer equivalent required 
for the exogenous crops in ith producing area, 
Aij is the projected per acre requirement of nitrogen fertilizer 
equivalent for jth crop in ith producing area and 
Xij is the projected acreage of jth exogenous crop in ith producing 
area. 
The quantity of nitrogen fertilizer equivalent used per acre for 
each of the exogenous crops is obtained from Ibach and Adams (30). The 
total amount of nitrogen fertilizer equivalent required by the exogenous 
crops in each producing area is then incorporated in the nitrogen 
fertilizer restriction as a presolution deficit. 
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APPENDIX 2. DEVELOPMENT OF LIVESTOCK SECTOR 
The livestock sector is partially exogenous and partially endogenous 
to the model. In particular, production of beef, dairy and pork is de­
termined endogenous to the model and poultry, sheep and other livestock 
such as horses, mules, ducks and zoo animals are treated exogenous to 
the model. 
Adjustments in Livestock Sector 
The exogenous livestock sector 
Rations for the exogenous livestock are determined as outlined in 
Agricultural Water Demands (25). These rations give the quantity of 
each commodity demanded per unit of livestock class. These quantities 
are withdrawn from the consuming regions. The water requirements for 
the exogenous livestock in the water supply regions are also obtained 
from the Agricultural Water Demands (25). The use of commodities, 
except oilmeals, by exogenous livestock represents a direct demand for 
those commodities. The oilmeal demand is adjusted to reflect the 
amount of high protein animal feed produced as a byproduct of slaughter 
of the exogenous livestock. 
The endogenous livestock sector 
A modified system of ration determination is used for this analysis. 
This model allows alternative rations for the livestock activities 
which draw directly from the commodity balance equations. If the 
balanced rations are determined endogenously in the model (as done in 
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some of the previous studies), some of the rations may not be palatable 
to the livestock units. All rations provided to the livestock units 
are balanced based on the nutrient requirements recommended by the 
National Academy of Sciences (45, 46, 47). These rations are formu­
lated to provide alternative levels of substitution between grains, 
between roughages and grains, and between the roughages, given the 
grain component. An upper bound is imposed on production of hay 
activities so that rations with too much hay are not provided to the 
livestock units. All rations reflect research-based recommendations 
which approximate optimum level of feeding efficiency and are adjusted 
to reflect the nutrient consumption at the level projected in Agricul­
tural Water Demands (25). A linear combination of these rations pro­
vide a sufficiently large number of alternatives with which the feed 
costs of the livestock sector can be minimized. The oilmeal require­
ments of the rations are based on the soybean meal equivalent. Part 
of this requirement is met by the high protein grain byproducts and 
animal scraps, in soybean meal equivalent. 
Nitrogen from livestock wastes 
Historically, livestock wastes had been used as a source of plant 
nutrients. The disposal of these wastes has become a problem to the 
operators, and to the community with the concentration of livestock 
production in localized feeding facilities. All livestock activities 
in this study are subject to the restriction that the nitrogen wastes, 
using the conventional handling systems, must be utilized in the 
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cropping sector. Data expressing the daily production of nitrogen 
wastes for the different classes of livestock are adjusted for the 
efficiency of the handling system and for the feeding time and pat­
tern of the activity (90). The calculated per unit production figures 
(Table 2.1) are used as the interaction coefficients in the fertilizer 
nitrogen restriction. 
Table 2.1 Nitrogen fertilizer equivalent obtained from livestock wastes 
Type Unit Period 
Lbs. of nitrogen per 
unit of livestock 
Beef cows Head Year 58.0 
Beef feeding 
(1.5)a Head Day 0.102 
Beef feeding 
(2.25)* Head Day 0.102 
Beef feeding 
(3.0) Head Day 0.105 
Dairy Head Year 142.0 
Hogs t Cwt. (L.W.) Production period 2.8 
Poultry 1,000 lbs. r.c.w. Production period 28.0 
Eggs 1,000 doz. Production period 20.5 
Sheep cut. carc. wt. Production period 2.17 
Rates are expected daily gain of the feeders while in the lot. 
b 
Poultry represents the production of broilers or turkeys. 
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APPENDIX 3. DETEBMINATION OF SOIL LOSS COEFFICIENTS 
Gross soil loss represents the average number of tons of soil 
leaving the field over a one year period. The soil loss per acre is 
determined using the universal Soil Loss Equation developed by 
Wischmeier (92). The soil loss equation is represented by: 
A = R.K.L.S.C.P. 
where 
R is the rainfall erosive factor based on the local area, 
K is the soil erodibility factor for the specific soil determined 
from its erosion under continuous fallow on a nine percent 
slope, 72.6 feet long, 
L is the slope length factor relative to a 72.6 feet, 
S is the slope gradient factor relative to a nine percent slope, 
C is the crop management factor which relates to a particular 
crop rotation and tillage practice and 
P is the erosion control practice factor which relates to the 
conservation practice. 
For details on the factors and on the computational procedures used, see 
Wischmeier and Smith (92) and Technical Release 51 (76b). The soil loss is 
computed by land resource area for each feasible crop management system 
on each soil class defined from SCS questionnaire (Appendix 7). The 
soil loss, as defined above for the 29 land classes, is aggregated using 
weighted functions obtained from the National Inventory (64) for nine 
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land groups. The soil loss by crop management system is weighted to 
the producing area level from the SCS data area as: 
Sijm = z SLijk Ajknm/ Ajm 
n 
i = 1 . ,the number of crop management systems defined. 
j = 1,...,9 for the land groups, 
k = 1,...,165 for the relevant set of SCS data, 
m = 1,...,102 for the producing areas, 
n = 1, ...,number of sets of SCS data included in the producing 
area. 
where 
Sijm is the soil loss from crop management system i on land group 
j in producing area m, 
SLijk is the soil loss associated with ith crop management system 
on the jth land group consistent with kth SCS data area, 
Ajknm is the acres of jth tillable land group as part n of mth 
producing area consistent with kth SCS data area and 
Ajm is the total tillable acres of jth land group in mth produc­
ing area. 
These coefficients are attached to the appropriate crop management 
system and reflect the severity of erosion for the conditions on which 
the crop management system is defined. 
For those producing areas in the mountain valleys and on the west 
coast, the data required for the soil loss equation have not been 
completely developed. So, an alternate procedure is used to estimate 
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the soil loss from these lands. The SCS questionnaire (Appendix 7) asked 
for crop management systems consistent with the production possibilities 
of the SCS data area. The SCS personnel estimated the tons of soil loss 
associated with the crop management system on each of the land class and 
subclasses defined in the SCS data area. These estimates are, for the 
purpose of the model, treated as if they were developed from the soil 
loss equation. This assumption is necessary as some of the producing 
areas overlap the SCS data areas in which the soil loss is developed 
using one procedure and other areas in which the soil loss is estimated 
using the other procedure. Each of the activities representing the pro­
duction of irrigated crops is considered to have a soil loss level similar 
to the corresponding dry land activity. The assumptions needed for this 
consideration are good management of the irrigation system, a larger 
quantity of residue left from crops receiving irrigation and heavier 
growth resulting from irrigation which increases the canopy protection of 
soil by the plants, reducing dislodging during rainfalls. 
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APPENDIX 4. DEVELOPMENT OF THE CROP YIELD COEFFICIENTS 
The yield coefficients are developed from a set of state functions 
capable of projecting for the future. The state projection functions 
are modifications of the functions developed by Stoecker (62a). The 
function is of the form: 
Y(t) = Yo(t) + A(l-0.8%(t)) pF(c) 
where 
Y(t) is the estimated average yield per acre in year t, 
Yo(t) is the estimated average yield per acre on unfertilized land 
in year t, developed from a linear trend function, 
x(t) is the number of units of fertilizer applied per acre in 
year t, 
PF(t) is the proportion of the acreage receiving fertilizer in 
year t, developed from a linear trend of the proportion of 
crop acres receiving fertilizer and 
t is number of years afuer 1949. 
The x(t) defined above is obtained from; 
x(t) = Po(t).(ln(P% / Pc)-ln A-(ln(-ln 0.8)))/ In 0.8 
where 
In is the natural logarithm, i.e., log to the base e, 
Px is the weighted price per unit of fertilizer, 
Pc is the price of a unit of crop C, 
Po(t) is the linear estimate of the proportion of the optimum rate 
of fertilizer applied in year t. 
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The last multiplication factor in the above equation represents an estimate 
of the optimum application of fertilizer obtained by solving the marginal 
conditions of profit maximization. 
Weigihts are used to estimate the yields in the producing areas from 
these state yield functions. These weights are developed from the 1964 
Census of Agriculture (82) as: 
Wimk = Z Ainj / Z Aikm 
jEm m 
i = 1,.. . ,for the crop number. 
j = 1,..  ,for the counties in state n. 
k = 1,.. . ,102 for the producing areas. 
m = 1,.. . ,for the producing area part in 
n = 1,.. .,48 for the continental states. 
where 
Wimk is the weight for ith crop in part m of kth producing area, 
Ainj is the number of acres of ith crop in jth county of nth state 
included in kth producing area and 
Aikm is the acres of ith crop in mth part of kth producing area. 
These weights are multiplied by each of the function coefficients and 
summed over m for each i and k to give the producing area yield prediction 
equations. These yields are adjusted for land groups and conservation 
practices. The data obtained from SCS questionnaire (Appendix 7) include 
a set of ratios giving the relative land class yields as compared to the 
most productive land class of the area. These ratios are used with the 
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acreages by crop type^ by land class reported in the National Inventory 
(64) to develop a set of ratios which relate each land class to the pro­
ducing area average crop yield. These ratios are then used to adjust 
the projected producing area yields for each land grotq). The conserva­
tion and tillage ratios are also obtained from the SCS data. Using 
these ratios, the yields are adjusted for conservation and tillage 
practices. Wherever a given conservation practice or land class exists 
in a producing area and the data needed to adjust the yields are not 
included in the SCS data, the national average is used as a proxy. 
Fertilizer use coefficients for the crops 
The fertilizer coefficients developed from the yield functions are 
independent of the land class and the conservation practice. The level 
of commerical fertilizer required to meet the projected yields is obtained 
by subtracting the amount of nitrogen fertilizer equivalent provided by 
the legumes, if any, in the rotation from the optimum level of fertilizer. 
The legume nitrogen data are obtained from the results reported in (35, 
44, 55, 57) and through consultation with William Shrader.^ The legume 
hay provides carry-over nitrogen for a two year period. This carry-over 
nitrogen is determined from the functions : 
N1 = 50.OY - 5.0Y^ + 0.2Y2 and 
N2 = 81.5 - (81.5)0.8? 
ICrop types reflect the row crops, close grown crops and hay and 
pasture as reported in the National Inventory (77). 
^Professor of Agronony, Iowa State University, Ames, Iowa. 
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where NI and N2 are the lbs. of nitrogen supplied by the legume crops for 
the first and second year respectively and Y is the annual yield in tons 
of dry weight hay equivalent of the legume hay. 
A similar functional relationship has been developed for nitrogen 
carry-over from soybeans. Shrader and Voss (56) has shown that soybeans 
provide approximately one pound of nitrogen per bushel of soybean yield. 
After adjusting the fertilizer use, determined by the optimizing procedure, 
the amount supplied by the legume crops in the rotation in the previous 
years is subtracted and this nitrogen coefficient for the crop management 
system is entered into the nitrogen fertilizer restriction. 
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APPENDIX 5. DEVELOPMENT OF CROP MANAGEMENT SYSTEM COSTS 
The crop management system costs are developed from the data 
collected by Eyvlndson (16). There are five components of the total cost, 
namely, machinery, labor, pesticides, nonnitrogen fertilizer, and 
miscellaneous costs. The data developed by Eyvindson are weighted to 
obtain the crop management system costs for 102 regions for each of the 
endogenous crops, using the following relationship: 
Cijk = Z Cijm . (Ajm/Ajk) 
m 
i = 1,...,5 for the different conçonents of the total cost, 
j = l,...,for the endogenous crops, 
m = l,...,for the nunber of counties in producing region k 
k = 1,...,102 for the producing areas 
where 
Cijk is the ith component of total cost for jth crop in kth pro­
ducing area, 
Cijm is the ith conçsonent of the total cost for jth crop in mth 
county, 
Ajm is the acres of jth crop in mth county and 
Ajk is the acres of jth crop in kth producing area. 
Each county in Eyvindson's region is assumed to have the costs of that 
region. The acreages are obtained from the Census of Agriculture (83). 
Labor costs are adjusted to account for the changes in technology as out­
lined in Agricultural Water Demands (25) . 
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Adjustments for the tillage and conservation practice are determined 
from the SCS data (Appendix 7). These costs are adjusted to reflect the 
trade-offs between the tillage operations and the use of herbicides. In 
areas which are not moisture-deficient. Figure 5-1, a direct trade-off 
has been determined with the saving in machinery cost being equally offset 
by increase in herbicide costs (6, 15, 36, 52). In arid areas, the adjust­
ment consisted of a $3.00 increase in herbicide costs for every $1.00 
decrease in nonherbicide costs. This is consistent with the extensive 
farming methods used, resulting in a much reduced weed problem. 
These costs are regional costs of production and an adjustment for 
summer fallow is required for those crops normally grown with a summer 
fallow rotation. Wherever summer fallowing is common, (Figure 5-2), a 
relative use of fertilizer and herbicides is obtained from the Selected 
U.S. Crop Budgets (74, 75). The adjustments reflected a 4% reduction in 
pesticide costs after summer fallow and an increase of 50% when summer 
fallow is not included in rotation. A similar adjustment is made for 
fertilizer use. 
A final adjustment is made for the terracing costs whenever a crop 
management system includes terracing. This adjustment is based on the 
SCS data. The average terracing cost per acre is calculated as: 
TCi =0.1 (CCi+ PWi.Wi + PTi.Ti) PLTi 
i = 1,...,9 for the land groups 
where 
TCi is the terracing costs per acre on ith land group, 
CCi is the per acre construction cost of terraces on ith land group. 
Figure 5-1. The Producing Areas with summer fallow crop rotations 
Figure 5-2. The moisture deficient Producing Areas 
217 
PWi is the proportion of acres of ith land grotjç) having grassed 
water ways for drainage, 
Wi is the cost per terraced acre for grassed water ways in ith 
land group, 
PTi is the proportion of acres terraced having tiled outlets for 
drainage in ith land group, 
Ti is the cost per terraced acre for tiling on ith land group and 
PLTi is the proportion of all land which is feasible to terrace in 
ith land group. 
The factor 0.1 is used to adjust for a 10 year amortized life of the 
terrace. 
The total cost of production for each crop management system is 
determined from all the different cost coiiç>onents as follows: 
Cijk - Z(Mijm + Lijm + Pijm + Fijm + MSijm) .Rijm + TCjk 
m 
i = l,...,for the number of crop management systems in jth producing 
area, 
j = 1,...,102 for the producing areas, 
k = I,...,18 for land groups, 
m = l,...,for crops in the crop management system 
where 
Cijk is the cost per acre of ith crop management system on kth land 
group in jth producing area, 
Mijm is the projected per acre machine cost for mth crop in ith crop 
management system in jth producing area. 
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Lijm is the projected per acre labor cost for mth crop in ith crop 
management system in jth producing area, 
Pijm is the projected per acre pesticide cost for mth crop in ith 
crop management system in jth producing area, 
Fijm is the projected per acre cost of nonnitrogen fertilizer for 
mth crop in ith crop management system in jth producing area, 
MSijm is the projected miscellaneous cost per acre of mth crop in 
ith crop management system in jth producing area, 
Rijm is the rotation weight for mth crop in ith crop management 
system in jth producing area and 
TCjk is the precultivated per acre terracing costs on kth land 
group in jth producing area. 
219 
APPENDIX 6. DETERMINATION OF THE LAND BASE 
The major constraint on the model is the land available for the 
endogenous crops. The number of acres available for dryland and 
irrigated cropland for use of endogenous crops is calculated from the 
National Inventory (64). The National Inventory classified the 
available land into 29 class-subclass categories depending on the 
severity of the conservation hazards. All land is divided into 
eight classes with four sub-classes in each of the land classes 2 
through 8 depending on the conservation hazards. The hazards include 
erosion, subsoil exposure, drainage problems and climatic restrictions. 
No sub-classes are defined on Class 1 land. . 
These class-subclass categories are grouped into nine groups 
which exhibit a range in erosion hazard, yield and farming activities. 
The land available for the endogenous crops is the aggregate of land 
used for row crops, close grown crops, summer fallow, rotation hay 
and pasture, land in conservation base and land used for fruits and 
vegetables with adjustments made for exogenous crops as described in 
Appendix 1. These acreages are reported at the county level in the 
National Inventory (64). These county data are aggregated appropriately 
to determine the land available for the use of endogenous crops in 
each producing area by land group. Projected increases in irrigated 
area in the Western United States are added to the irrigated acreages 
in all the relevant producing areas. Only those irrigation projects 
which have been approved for construction before 1980 are considered. 
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A more detailed description of the location of these projects and the 
procedure used is given in Agricultural Water Demands (25). 
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APPENDIX 7. SCS DATA QUESTIONNAIRE AND LIMITATIONS 
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Assigned Land Resource Areas by Regions and States 
Northeast Region 
Ohio UA, 100, 139, 124 
Kentucky 120, 121, 125 
New York 140, 101, 142, 141 
Maine 143, 146 
New Hampshire 144 
Connecticut 145 
Pennsylvania 127, 147 
West Virginia 126 
New Jersey 149 
Virginia 12^, 148 
South Region 
Oklahoma 78, 80, 84 
Texas 77, 81, 82, 83, 85, 86, 87, 150 
Arkansas 117, 118, 132, 131, 119 
Louisiana 133, 151 
Tennessee 122, 123 
Mississippi 134 
Alabama 135, 129, 1^ 
North Carolina 130, 036, 1^, 153 
South Carolina 137, 153 
Georgia 128, 136 
Florida 138, 152, 154, 155, 156 
Midwest Region 
North Dakota 53, 54, 55, 56 
South Dakota 60, 61, 62, 63, 66, 102 
Nebraska 64, 65, 71, 75, 106 
Kansas 72, 73, 75, 76, 112, 74, 79 
Minnesota 57, 88, 103, 89 
Iowa 107, 104 
Missouri 109, 115, 116 
Wisconsin 90, 91, 93, 95, 105, 92 
Illinois 108, 110, 113, lU 
Michigan 92, 94, 96, 97, 98, 99 
Indiana 111 
West Region 
Washington 1, 3, 9, 7, 6 
Oregon 2, 8, 10, 23 
California 4, 5, 21, 22, 17, 18, 14, 16, 15, 20, 19, 31, 30 
Idaho 11, 12, 13, 25, 43 
Montana 44, 46, 52, 58, 59 
Wyoming 34, 32, 33 
Nevada 24, 27, 26, 29 
Utah 28, 47 
Colorado 48, 49, 45, 51, 67, 69 
Arizona 39, 40, 41, 35, 38 
New Mexico 37, 36, 42, 70 
No LRA'S assigned to Ma^land, Massachusetts, Rhode Island, and Vermont. 
STATE 
LRA 
U.S. DEPARTMENT OF AGRICULTURE 
8oH Conservation Service 
Attachment to EVT-2 
Form 1 Dominant Soil, L, S, K, and T Factors by Capability 
Subclasses 
1. Class and 2. Dominant Soil 3. L-Dom. . Dora. K Factor : 6. T. Factor 
Subclass Slope Length % Slope : 
(ft) (%) Tons per acre per year 
I 
He 
lis 
llw 
He 
Hie 
Ills 
IIIw 
Illc 
IVe NS to 
XVs 
W 
IV* 
IVc 
Ve 
VW 
Vs 
Vc 
Vie 
Vlw 
Vis 
Vic • 
Vile 
VIIs 
VIIw 
VIlc 
Vllle 
VIIIs 
VIIIw 
VIIlc 
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Instructions - Data Form 1 
This form is to be used for all LRA*s in the Midwest, South, and 
Northeast Regions, and for these LRA's in the Western Region that 
are east of the continental divide and have K and T factors assigned 
to the sloping soils. 
1. Select the capability subclasses that occur in each LRA. 
The most direct method is reference to the CNI printouts, 
Table F, that were sent to the states in July 1970. 
Write N.A. under dominant soil for all subclasses that do 
not occur in LRA. Do not subdivide any subclasses. 
Choose dominant soils on the basis of the full extent of the 
LRA, not Just that portion that occurs in the state responsible. 
Some LRA's are assigned to two or three states. These LRA's 
are underlined in the list of assignments. For these LRA's 
choose the dominant soils only on the basis of that portion of 
the LRA in the assigned state. 
2. Designate a dominant soil mapping unit for each subclass selected. 
This should be done from general knowledge by personnel well 
acquainted with the soils of the state. Published soil surveys 
or CNI printouts by soil series may be helpful in selecting a 
daninant soil if uncertainty exists. Do not choose a series 
on the basis that it represents the median of erodiblllty or 
productivity of the soils in the subclass, unless that series is 
in fact the dominant series or among the dominant ones. 
Where the dominant soil mapping unit is a complex or association 
of soil series, list only the dominant series and its dominant phase. 
3. Enter the dominant length of slope, in feet, and the dominant slope 
gradient in per cent for each dominant soil in columns 3 and 4. 
Do not use ranges in either value. These entries should be estimated 
by personnel well acquainted with the soils of the area. If percent 
slope is zero enter N.A. in column 3. For slopes more than 1200 feet 
long, enter >1200 in column 3. 
4. Enter the K and T factors for each dominr^t soil. Make single 
entries for T values in column 6 specifically for each dominant soil. 
STATE 
LRA 
Form IW. Dominant Soil, L, 8, and T Factors 
and Estimated Tons Soil Lost to Erosion for 
Selected Cropping Systems 
USDA - ses 
Attachment to EVT-2 
l.Capabil- :2.dominant Soil 
ity Class: 
and : 
Subclase : 
:3.Dom :4.Dom :5.T Fac-
:Slope : % : tor 
:Length : Slope : 
6. Estimate Soil-tosses for Selected Cropping Systems 
1 
lie 
lis 
IIw 
lie 
Hie 
Ills 
lllw 
IIIc 
IVe 
IVs 
IVW 
IVc 
Ve 
vw 
Vs 
Ve 
Vie 
VIw 
Vis 
Vic 
Vile 
Vila 
VIIw 
VIIc 
Vllle 
VIIls 
VIIIw 
VIIlc 
—m Tons per acre per year 
N N) 
ui 
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Instructions - Data Form IW 
This form is for use in LRA's in the Western Region west of the 
continental divide where K and T factors have not been developed. 
1. Select the capability subclasses that occur in each LRA. 
The most direct method is reference to the CNI printouts. 
Table P, that were sent to the states in July 1970. 
Write N.A. under dominant soil for all subclasses that do 
not occur in LRA. Do not subdivide any subclasses. 
Choose dominant soils on the basis of the full extent of the 
LRA, not just that portion that occurs in the state responsible. 
Some LRA's are assigned to two or three states. These LRA's 
are underlined in the list of assignments. For these LRA's 
choose the dominant soils only on the basis of that portion of 
the LRA in the assigned state. 
2. Designate a dominant soil mapping unit for each subclass selected. 
This should be done from general knowledge by personnel well 
acquainted with the soils of the state. Published soil surveys 
or CNI printouts by soil series may be helpful In selecting a 
dominant soil if uncertainty exists. Do not choose a series 
on the basis that It represents the median of erodiblllty or 
productivity of the soils in the subclass, unless that series Is 
in fact the dominant series or among the dominant ones. 
Where the dominant soil mapping unit is a complex or association 
of soil series, list only the dominant series and its dominant phase. 
3. Enter the dominant length of slope, in feet, and the dominant slope 
gradient in percent for each dominant soil in columns 3 and 4. 
Do not use ranges in cither value. These entries should be estimated 
by personnel well acquainted with the soils of the area. If percent 
slope is zero enter N.A. in column 3. For slopes more than 1200 feet 
long, enter 1200 in column 3. 
4. For each dominant soil, assign a T value representing the 
allowable soil loss due to erosion in tons per acre per year. 
Consider the thickness of the surface horizon and the relative 
loss of productivity that would result from erosion of surface 
horizons. Five tons should be the maximum value. 
5. Select the dominant cropping systems and land uses for the 
LRA and. enter in the 6 blank column headings. Where rangeland 
is a dominant use of land In the LRA, entries might include 
• (a) rangeland, poor cover and (b) rangeland, good cover. 
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Instructions - Data Form IW (Cont'd) 
6 .  
Example A. 
Example B. 
Estimate the average annual soil loss in t/ac/yr that is 
occurring throughout one full cycle of the cropping systems, 
or annually for land uses. These estimates are to be developed 
for each of the dominant soils, except lAiere it is known that the 
cropping system or land use does not occur or exist for a given 
soil. In this case, enter N.A. in the appropriate block. Choose 
cropping systems that will result in a wide range in soil erosion 
losses, for example: 
Cropping System Estimated Soil Losses 
t/ac/yr 
Wheat-4 yrs fallow 70 
Wheat-1 yr fallow 20 
Wheat-peas • 7 
Wheat-continuous 4 
Rangeland, poor cover 8 
Rangeland, good cover 2 
Estimated Soil Losses 
Soil"! Soil B Soil C 
Irrigated Row Crop 
Irrigated close grown crops 
Wheat-1 yr fallow 
Rangeland, poor 
Rangeland, good 
Forest 
2 N.A. N.A. 
0.5 N.A. N.A. 
8 K.A. 12 
6 15 12 
2 3 3 
N.A. 0.1 N.A. 
Estimated Soil Losses 
Example C. Desert shrubs 
Rangeland, poor 
4 
4 
STATE 
U.S. DEPARTMENT OF AGRICULTURE 
Soil Conservation Service 
Attachment to EVT-2 
LRA 
Fom 2. C Factor Table - Cropland 
No 
Till 
1. Cropping Management 
System 
Conventional Till 
Z.Hesldue 
Removed 
.Residue 
Left 
4. Minimum 
Tillage 
to NI 
00 
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Instructions - Form 2 
One copy of this form is to be developed for each LRA east of the 
continental divide. 
1. Include in column 1 those cropping management systems used 
most cwnmonly on land in capability classes I-IV in the LRA. 
Do not abbreviate the name of the crop; indicate com, soybeans, 
etc., instead of rowcrop. At least 5 and no more than 10 
systems should be listed. Be sure to include a range in 
cropping systems from the most intensive to the least intensive 
system commonly used in the LRA for land in classes I-IV. 
2. For each system listed, enter a C factor in each column on 
the form. 
3. For columns 2 through 5, to determine the C factor, choose 
the pounds of residue which is usually left on the surface 
in the LRA for the cropping management system used. 
Note-C factors for kinds of permanent vegetative cover are not 
needed in data being assembled. 
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LRA 
- Form 3. - Change in Yield and Farming Time for Conservation 
Practices and Tillage Methods 
1. Operation 2. Change in 
Farming Time 
3. Change in 
Crop Yield 
(A) Practice 
1. Straight-row 100 100 
2. Contour farming 
3. Stripcropping 
4. Conventional Terraces 
5. Parallel Terraces. 
(B) Tillage 
1. Conventional 100 100 
2. Crop Residue Ose 
3. Minimum tillage 
• 
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Instructions - Form 3 
Form 3 is to be completed for all IRA's. In those cases Where a 
given practice cannot be applied in the ua due to topograply or 
other restraints, for example, parallel terraces on i^egular, 
humnocky relief, enter NJl. in all columns for that practice. 
For some UA's, especially in the %#e8tem states, all entries 
may be Form 3 should be canpleted in all cases, however. 
1. Base levels of 100 for A. Practices and B. Tillage are 
assigned for straight-row practice and conventional 
tillage, as indicated in the table. Conventional tillage 
includes both spring and fall plowing. 
2. Increases in time or yield from practices or tillage are 
to be indicated by assigning numbers larger than 100, 
proportional to the percent increase. Reductions are 
indicated by aissigning numbers less than 100. 
Example: If minimum tillage takes 20 percent less time than 
conventional tillage, the value in column 2 for minimum tillage 
would be 80. If it is estimated that yields, using minimum 
tillage, are 5 percent higher than tix>se witA conventional 
tillage, enter 105 in column 3. 
Note: The economist may be able to assist in th# coaçletion of 
this form. 
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State 
IRA 
Form 4. Yield Dlffex*ential by Capability 
Subclasses 
Class & 
Subclass 
Dom. 
Soil 
Row Crops 
Close 
Grown 
Crop Hay Pasture Range 
I 200 100 iOO 
233 
Instructions - Form 4 
This form is to be completed for all LRA's* 
1. Include all capability subclasses and dominant soils identified 
for the LRA on table 1. 
2. Write in the names of two or three dominant row crc^s from 
among those indicated in the cropping raanagsaent systeas in 
Form 2, in the blank column headings under '^Row Crops." 
3. Set the yield on class I land equal to an index value of 100 
for each row crop and for close-grown crops, hay, pasture,. 
and range. In those l&A's with no class I land, set subclass He 
(or the highest ranking subclass) yields at the index value 
of 100. Where crop is not grown, enter NJl. 
4. Use the "Predicted Acre Yield under Defined Management 
Levels" from the published soil surveys iii the LRA, or similar 
data from other sources vAiere published soil surveys are not 
available, to set index values for remaining classes and sub­
classes. (For consistency use high level management.) 
Example: If the predicted yield of com on class I is 110 bushels 
per acre and the predicted yield on class He is 95 bushels, the 
index value for He %iould be calculated as follows: 
mde* " nff * := 86 
STATE 
LRA 
U.S. DEPARTMENT OF AGRICULTURE 
Soil Conservation Service 
Attachment to EVT-2 
Form 5 - Average Cost - Terraces and Outlets 
L.Class 
and 
sub­
class 
.Dominant 
Soil 
.Percent 
Land 
Feasible 
to 
Terrace 
.Acres 
Per 
Mile 
Ter­
race 
.Cost 
Per 
Mile 
Ter­
race 
.Acres 
Water­
way 
Per 
Mile 
Ter­
race 
.Cost 
Itr 
Acre 
Water­
way 
.Feet 
Tile 
Outlets 
Per 
Mile 
Ter­
race 
.Cost 
Per 
Foot 
Tile 
Outlet 
0.Percent 
Terraces 
with 
Waterway 
Outlet 
1.Percent 
Terraces 
with 
tile 
Outlets 
t.Percent 
Terraces 
with no 
Outlets 
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Instructions - Form 5 
This form is to be completed for all LRA's. 
1. By class, subclass and dominant soil shown in Form 1, complete 
columns 1 and 2 of Form 5. 
2. Using slope and terrace spacing compute average acres served 
per mile of terrace, 
3. Estimate the percent of land area that is feasible to terrace, 
assuming that none has been terraced. Excluded will be those 
acres that due to topography or other physical reasons are not 
feasible to terrace, 
4. Show average cost per mile of terraces using predominant type 
of terrace being constructed. 
5. Estimate average acres of waterway needed to provide outlets 
per mile of terrace. 
6. Estimate average cost per acre of waterways. 
7. Estimate feet of tile outlets required per mile of terrace, where 
tile outlet terraces are being built. 
8. Estimate average cost per foot of tile outlets installed. 
9. Estimate percent of terraces with waterway outlets. 1/ 
10. Estimate percent of terraces with tile outlets. 1/ 
11. Estimate percent of terraces with no outlets. This is generally 
applicable to level terraces where no outlets required. 1/ 
1/ For columns 10, 11, and 12 use percentage based on modem systems 
"" presently being installed. 
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Limitations in the Data Assembled by the SCS 
for the ISU Water Quality Project 
1. The data assembled provide no spiuvif tc lul'iviiiutl ion about nut r lent s. 
pesticides, dissolved oxygen and biological t>xyn<»n ilrmaml. wtitcr 
temperature, pathogens, and other pollutants which arc important 
aspects of water quality. Some of these arc related to scdinionis 
from agricultural land, but no estimates are included on this 
relationship. 
2. No estimates are included of the delivery ratio - that proportion of 
the sediment resulting from sheet and rill erosion that enters surface 
water in streams and lakes. Hie delivery ratio varies substantially 
in different parts of the country. 
3. The dcminant soil chosen for each subclass is the most extensive soil. 
Several other soils will occur in the same subclass in a given LRA. 
The length of slope, degree of slope, erodibility, yield differentials, 
and feasibility of terracing will vary among soils in a given subclass. 
The dominant soil was not chosen to be typical in erodibility or other 
qualities for the subclass, but merely on the basis that it is the most 
extensive. Therefore, for subdivisions of the LRA where the soil 
indicated as dominant does not occur, the data in the forms may not 
be appropriate. 
4. Some of the subclasses in Forms 1 and IW represent only irrigated land. 
On forms from the Western Region, an (I) designates such subclasses. 
The Universal Soil Loss Equation is adapted to irrigated land only 
during portions of the year when no irrigating is done. K and C factors 
have not been developed for irrigated landj and the relationship between 
irrigated land and dryland in terms of these factors is not known. 
Water added by irrigation will influence the EI of subsequent rainfall. 
For irrigated subclasses, the K, T, and C factors provided on the forms 
apply to the dryland equivalents of the dominant soil mapping units. 
5. In the states west of the continental divide, K and T values have not 
been assigned to soil series. It was necessary for the states to estimate 
the erosion losses for each subclass under selected cropping systems or 
range conditions. These are gross estimates based on little or no measured 
data for many subclasses, and may be substantially in error. The soil 
losses estimated for irrigated land in the west may represent erosion 
resulting from irrigation practices in addition to that resulting from 
the runoff from precipitation. 
6. The soil loss equation predicts only sheet and rill erosion. Erosion 
from road cuts, gullies, streambanks, construction sites specifically for 
this study, and other sources cannot be predicted from the data assembled 
by SCS. In some watersheds much of the sedisent in streams comes from such 
sources. 
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7. Oily a limited number of cropping systems, the major ones currently 
being used, are listed on Form 2 for each LRA. C factors are not 
the same for a given cropping system in all parts of the country. 
Thus when models predict shifting of cropping systems into an LRA, 
where they are not currently used, the data assembled may not provide 
the proper C factors for the new cropping system. 
8. Assumptions made regarding the crop residue on the surface in minimum 
tillage or no till practices may not be uniform between states. We 
have not checked with the states to determine the assumptions made. 
We believe that it is safe to assume that the C factors listed under 
these practices apply to the prevailing method used in each LRA. 
S. The use of diversions to control runoff and erosion is not accounted 
for in the data assembled. In some LRA's where diversions are used 
effectively to control runoff and reduce erosion on some land, no 
entry is made on Forms 3 and 5 for terraces. Only a few states in 
the northeast are In this category. 
10. There is some variation in the use of the yield index of 100. Yield 
index may be lower for Class I land than for some of the Class II land 
for some crops. Some states used 100 consistently for Class I land. 
More productive subclasses were given an index of more than 100. Other 
states gave the most productive subclass a rating of 100, and gave 
Class I land a lower rating. 
11. A yield index of 100 for a given crop designates a wide variation in 
actual yield of that crop, depending on the LRA. For example, an 
index of 100 for corn may be 135 bushels per acre in an LRA in Ohio, 
but only 70 bushels per acre in an LRA in Kansas. The yield per acre 
in common units for a yield index of 100 is given on Form 4 for each 
crop in e&ch LRA. 
12. Some states have almost an equal number of terraces of different types 
currently being installed. Only the dominant one of these was chosen 
for Table 5. Thus the overall cost of terracing in some LRA* s may be 
more or less than indicated by data in Table 5. 
13. No estimates are included for the costs of relocating a crop into an 
area where it is not now produced, or for bringing into cropland areas 
not so used now. These costs vary by kinds of soil. They are substantial 
for some crops on some kinds of soil, and should not be disregarded» 
14. NA has been used on the forms in many places. It means either not 
applicable, or that the practice is not now being used in the LRA. 
